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ABSTRACT
The purpose of this thesis is to investigate the efficacy of orienting environmental policy to promote
organizational development and long-term competence in industrial environmental management.
Through an investigation of the Massachusetts Toxics Use Reduction Act (TURA) as an alternative
policy approach, the thesis explores the effects of policy on promoting organizational learning in the
Massachusetts printed wiring board industry.
Findings suggest that environmental policy can effectively influence environmental management
practices within firms to advance policy objectives. Through applying a mix of policy instruments,
including, command and control, market, and voluntary mechanisms, the Toxics Use Reduction Act
was able to alter firm's learning systems to promote sustained organizational learning and
development.
The thesis concludes with suggestions for amplifying policy's influence on promoting organizational
learning. For existing policies such as TURA to remain effective, it is imperative that they also
engage in processes which promote innovation and learning. To expand learning opportunities
within firms, policy approaches should encourage the adoption of firm-wide environmental
management systems.
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I. INTRODUCTION: CAN ENVIRONMENTAL POLICY BE
EFFECTIVE BY PROMOTING ORGANIZATIONAL
DEVELOPMENT?
A. OVERVIEW OF THESIS
The purpose of this thesis is to investigate the efficacy of orienting environmental policy to promote
organizational learning and long-term competence in industrial environmental management. Chapter
I. provides an overview of the thesis and presents a discussion of the changing government roles in
developing and implementing environmental policy. Chapter II. establishes an overview of the key
environmental policy approaches utilized since 1970 and discusses the structure, strengths, and
weaknesses of command and control, market, and voluntary policy typologies. This section builds a
case for the importance of incorporating policy mechanisms that promote organizational learning in
the regulated community. The chapter concludes with an overview of the Massachusetts Toxics Use
Reduction Act as an institutional structure and policy approach that may effectively promote
organizational development within regulated manufacturing facilities. Chapter III. presents an
introduction to the printed wiring board industry, the environmental challenges they face, and a
discussion of how they address environmental issues in production decisions. In Chapter IV., a
model of organizational learning is presented to provide a framework for analyzing instances of
organizational learning in the printed wiring board industry. Both simple and complex learning
effects associated with toxics use reduction activities are presented and analyzed. Conclusions and
recommendations on how policy can better facilitate organizational learning at the facility-level are
offered in Chapter V.
B. WHY ORGANIZATIONAL LEARNING IS IMPORTANT FOR ENVIRONMENTAL
POLICY
For corporations to succeed in the market-place, they need to be able to adapt effectively to the
constantly changing forces that impact their competitiveness in the global economy .(Argyris and
Schon 1996) An ability for a firm to learn and develop systems to help manage these changes are
paramount for economic success. These skills are equally applicable to firms in the area of
government regulation. Environmental laws, regulations, and risks are constantly changing, and for a
firm to be able to effectively manage those environmental issues, it has to be able to respond quickly
and efficiently to ensure limited interruption of operations, or violation of their legal responsibilities.
An ability to learn from past experiences, adjust practices accordingly, and internalize changes is
essential for improving environmental management objectives.
From a regulatory perspective, as the marginal costs of controlling the nation's pollution escalates,
new approaches are needed to reduce the costs of compliance while expanding environmental
objectives. As regulatory agencies become increasingly burdened with more complex regulatory
requirements, they will increasingly look to the regulated community to take on more responsibilities
in monitoring and implementing environmental policy and performance. These two shifts require
firm's to be able to manage their environmental impacts proactively and independently. To do this,
firm's must be able to analyze and adjust their management practices to stay ahead of regulations
and remain competitive.
If environmental policy-makers and regulators can promote an ability of firms to manage their
environmental impacts for continuous environmental improvement, expanded policy objectives
might be achieved more efficiently and efficaciously.
C. CHANGING GOVERNMENT ROLES IN REGULATING INDUSTRY
1. TECHNOLOGY FORCERS
The role of state and federal government in protecting the environment has evolved over the past 3
decades when government began in earnest regulating society's behavior to safeguard the country's
air, water, and land resources. As the environmental movement matured into the 1990s, these
shifting government roles were accompanied by shifts in the policy approaches and mechanisms to
achieve evolving environmental protection goals.
With the introduction of the first comprehensive, medium-based federal environmental regulation in
1970, the Clean Air Act established the environmental policy strategy that would come to dominate
U.S. environmental legislation up to the present day. The Clean Air Act set forth an environmental
policy paradigm that sought to bring wholesale changes in the technologies used throughout the
production system in the U.S. The approach embodied in the Clean Air Act, as well as in the soon-
to-follow Clean Water Act, was basically to force polluting industries to adopt specific technological
devices that would control the amount of pollution released into the environment. The primary role
of government during this period was to "force" specific technologies to be adopted by the
regulated community in order to reach certain levels of pollution control or environmental
performance. Little attention was paid to preventing the generation of pollution, as attention was
focused on controlling pollution from escaping into the nation's water, air, and land.
The dominant policy approach used by the Environmental Protection Agency (EPA) - the primary
agency charged with implementing federal environmental statutes - centers around issuing permits.
The Agency authorized states to set technology and pollution limits that allowed specific levels of
pollution within prescribed limits and often prescribed the technology that could be used to achieve
those standards. Industrial facilities are required to obtain state permits that clearly spell out their
technology and pollution control requirements. The permit holders are then required to submit
reports to EPA that disclose their emission performance. Paired with facility inspections, EPA and
the states then use those reports to compare performance against their permits to determine whether
the facility is in, or out, of compliance. From this compliance assessment, enforcement actions can
be initiated. (Susskind, Secunda, and Krockmalnic 1997)
This restrictive approach to environmental policy ushered in the period of "command and control"
policy and has dominated the last 25 years of environmental regulation. Through commanding
specific pollution limits and controlling the choices of technologies, regulators seek to control
aspects of the regulated community's conduct. The role of government in this approach is largely
one of setting standards and policing compliance with those standards. Little emphasis is placed on
facilitating action to make environmental improvements beyond facility's compliance requirements.
2. MARKET FACILITATORS
As widespread improvements came in cleaning up the nations environment, basic pollution control
devices were widely diffused, and the marginal costs of additional pollution control skyrocketed in
the late 1980s and early 1990s, the regulated community started to demand a new role for
government regulators. They decried the heavy-handed and rigid approaches of the predominant
"command and control" regulatory approaches, and began to call for a reliance on economic
markets to bring about improvements in industrial environmental performance. Amendments to the
Clean Air Act in 1990 ushered in a new approach of market-based mechanisms for more efficiently
reducing air pollution by allowing for the creation of marketable pollution permits. Proponents of
the market-based regulatory policy called for a reduced role of government in regulating the affairs
of American business, and greater role in facilitating the creation of market mechanisms and
facilitating the participation by industry in those markets. This role would diminish the control of
U.S. regulators over the production choices made by firms, and reflect a more "hands-off"
approach.
3. PROMOTERS OF ORGANIZATIONAL DEVELOPMENT
Absent in the aims of command and control and market-based approaches is an emphasis on
promoting adaptive management and organizational learning by the regulated community to more
proactively manage their environmental impacts. For example, command and control regulations
such as the Clean Water Act, Clean Air Act, and the Resource Conservation and Recovery Act focus
on controlling the pollution that is generated, and not on providing incentives and capabilities to
prevent pollution. Some market-based approaches have called for government to get out of the
business of regulating business, and therefore minimizing government's contact with and influence
over the regulated community.
As federal and state environmental agencies seek to "reinvent" themselves and their policies to meet
the needs and demands of both the regulated community and the health and safety of citizens, they
must define a new role for themselves. One of these roles may be to actively promote programs that
enhance a firm's ability to move beyond rote responses to environmental regulation, such as
installing the minimum required technologies, or internalizing the costs of their polluting activities,
to responses that are the result of on-going learning programs of environmental management.
By promoting approaches that emphasize organizational learning, environmental policy-makers my
be able to more effectively and efficiently accomplish their environmental objectives by shifting the
burden of enforcement and implementation to the regulated community and by fostering a
regulatory climate better suited to promote innovative strategies and approaches. Promoting
organizational learning, and thus development, could be a new objective of environmental policy,
and a welcome medium between the invasive government role of command and control approaches
and the virtually absent presence called for by some market approaches.
There is a trend towards having government serve not only as facilitators of environmental markets,
but also as enablers of productive organizational learning. What would happen if environmental
policy sought to influence and enable a process of organizational inquiry and learning within firms
over more autocratic methods of command and control? Can policy influence how firms "learn"
and internalize environmental management practices? The Massachusetts Toxics Use Reduction Act
of 1989 offers an opportunity to explore these questions and offers a glimpse of a possible new role
for government in environmental protection.
This research project examines the Toxics Use Reduction Program as an example of this new
enabling role of government and seeks to identify and analyze instances of facility-based
organizational learning in the printed wiring board industry. Through this analysis, I hope to shed
some light on and understanding of the role government can play in bringing about greater
competence of firms to more effectively and proactively manage their environmental performance.
In conclusion, I will offer recommendations to environmental policy-makers so as to enhance their
ability to leverage lasting improvements in industrial environmental management.
D. THESIS METHODOLOGY
To answer the question of whether environmental policy can be effective by promoting
organizational learning and development within industrial firms, I investigated environmental
management practices of firms in the printed wiring board industry to identify possible examples
where the Massachusetts Toxics Use Reduction Act facilitated organizational learning.
Through examination of the 1995 Toxics Use Reduction Program Form S and R data submitted by
TURA filers, I identified firms who reported under the TURA program for industrial processes
related to the manufacture of printed wiring boards.(DEP 1998a) These firms were identified by the
Standard Industrial Classification (SIC) codes associated with the printed wiring board
manufacturing industry. The SIC codes for this industry include 3672 and 3679. I then identified the
staff person at each facility who was responsible for preparing and certifying the facility's toxics use
reduction plan. Of the twenty-four firms I identified, I contacted seven, and five agreed to
participate in my research primarily through providing on-site and telephone interviews and
supporting documentation. The seven firms contacted were chosen to represent the wide variety of
firms in the industry including large, medium, and small business, both publicly and privately owned.
An interview protocol was developed consisting of qualitative questions focused on the areas of
corporate environmental management structure, practices to address environmental impacts of
production decisions, specific toxics use reduction activities, firm's interaction with the TURA
program, and the role of the toxics use reduction planners in firm's environmental decision-making.
The interviews targeted the certified toxics use reduction planner at each facility. On-site interviews
were conducted for four of the firms, and a telephone interview was conducted at one firm. Follow-
up telephone interviews were conducted for more in-depth case studies, and to clarify statements
and ask additional questions when necessary. Interviews lasted in duration from 1.5 hours to 3, with
most site visits lasting 3 hours. The interviews were then transcribed and analyzed to identify
environmental management practices that were possibly indicative of organizational learning.
These instances were then analyzed against Schon and Argyris's model of organizational learning
and categorized as either simple "single-loop learning" or more advanced "double-loop learning."
The firm decisions leading to these instances were then recreated and traced backwards (or
backwards engineered) to explore possible influences of the Toxics Use Reduction Program in the
initiation or outcome of these events. Correlation was hypothesized through temporal relationships,
interviewee attribution, and the presence of shared methodologies.
II. EVOLVING INSTITUTIONAL ARRANGEMENTS FOR
ENVIRONMENTAL POLICY AND THEIR EFFECTS ON
ORGANIZATIONAL LEARNING
A. OVERVIEW
The dominant structure of media-specific, command and control legislation focused on industrial
pollution grew out of the pressing need to dean up the nation's fouled water, air, and land. The
primary legislative responses were the Clean Air Act, Clean Water Act, Safe Drinking Water Act, the
Resource Conservation and Recovery Act, and the Comprehensive Environmental Response,
Compensation, and Liability Act. These Acts sought to bring rapid and measurable results in
cleaning up the environment and were designed largely under the assumption that industrial
polluters would only seek to mitigate their environmental impacts if they were forced to do so by
strict government intervention. The legislated changes placed on industry were not intended to spark
processes of organizational learning to better manage their environmental impact, but sought to
ensure a certain level of environmental performance for all facilities.
As emphasis shifted from controlling pollution to preventing pollution and the marginal cost of
controlling pollution skyrocketed, command and control approaches were challenged by demands
for alternative approaches. Beginning with the Clean Air Act Amendments in 1990, market-based
mechanisms were introduced seeking more cost-effective environmental improvements with
increased implementation flexibility for the regulated industry.
In addition to market-based mechanisms, there has been a recent rise in environmental policy
approaches that are neither command and control- nor market-based structures, but focus on
altering institutional policy arrangements between the regulated and regulatory communities to
promote volunteerism, cooperation, and adaptive management approaches to create policy.
All three institutional arrangements (command and control, market, and "institutional policy" or
voluntary) have significant implications for promoting organizational learning and improved
competence to manage environmental performance. The following section traces the emergence of
these different institutional arrangements and discusses their impact on organizational learning.
B. INITIAL SUCCESS AND GROWING CRITICISM OF COMMAND-AND-CONTROL
POLICY-APPROACHES
1. STRUCTURE AND INITIAL SUCCESSES OF COMMAND-AND-CONTROL
INSTRUMENTS
Cumntparadigm of U.S. environmentalpolig
The dominant paradigm of environmental policy remains today a command and control structure.
This structure is based largely on a narrow assumption that economic actors in a capitalist, market-
based economy will not take measures to reduce or prevent pollution, wastes, and other forms of
environmental degradation unless they are specifically coerced to do so by government agencies.
(Stewart 1996) The structure grew from the need to rapidly address the immediate problems of
pollution throughout the country. Political pressure on the U.S. Congress to address the growing
pollution problem lent itself to environmental policies that would show results quickly.
The command and current paradigm can be characterized as follows (adapted from (Stewart 1996)):
" As economic actors are assumed not to control pollution without intervention, the government
must coerce them through restrictive command and control regulations that prescribe specific
behavior, technology, and pollution limits to control environmental degradation.
" Pollution must be controlled, and command-and-control and permit conditions are the means
for specifying controls. To achieve specificity and enforceability, separate statutes are needed for
different environmental mediums, industrial processes, and types of pollution and wastes.
* Environmental regulations are based primarily on best available technologies to "force"
technology diffusion.
" Federal regulations are needed over state-based laws because of competition from industry and
trans-jurisdictional pollution spill-over problems.
e Strong monitoring and enforcement mechanisms are needed to ensure compliance.
* It is necessary to have parallel systems of environmental liability to ensure effective protection
and to recoup costs of pollution.
The Clean Air and Water Acts, which embodied the command and control approach to
environmental regulation, were created at a time of relatively unbridled industrial pollution and
sought to quickly clean-up the nations existing pollution. To that extent, they have been highly
successful. The nation's water, air, and land are measurably cleaner from industrial waste than they
were 25 years ago. This is a testament to the rigid technology and emission standards promulgated
by the command and control regulations and by the strong enforcement provisions.
The structure of command and control regulations were, by design, intended to be highly uniform
across the industries and media they sought to regulate. This offered an ability of EPA and states to
more easily implement and monitor compliance and bring enforcement actions when firms were
found not to have adopted the specific technologies or achieved the pollution limits. According to
Susskind and Secunda and Krockmalnic, these command and control instruments were extremely
attractive to both Congressional lawmakers and agency personnel.(Susskind, Secunda, and
Krockmalnic 1997) They offered a very direct method to bring about a desired outcome. However,
because these instruments and approaches are highly rigid, specific, and direct, they preclude or
inhibit adaptation to divergent and changing circumstances.(Asimow 1985) page 483. An inability to
adapt to changing circumstances is an anathema to organizational learning.
2. GROWING CRITICISM OF COMMAND-AND-CONTROL APPROACHES
While command and control regulations have met with a high degree of success in reducing the
quantities of pollution released to the environment, the rigid and prescriptive instruments have come
under considerable criticism from a wide-variety of interests including environmental, business, and
government. As the marginal costs of complying with existing federal and state regulations climb,
and the legal complexities soar, pressure has grown to try alternative regulatory structures. While
command and control might be the most direst route to accomplish a regulatory objective, Susskind,
Secunda, and Krockmalnic point out that it is likely to produce substantial inefficiencies.(Susskind,
Secunda, and Krockmalnic 1997). Critics insist that command and control regulatory structures are
no longer useful. In addition, this approach is criticized for discouraging innovation and creating
disincentives to continuous environmental improvement.1 It is this objective of continuous
improvement that organizational learning seeks to advance.
1 Susskind, Secunda, and Krockmalnic (Susskind, Secunda, and Krockmalnic 1997) point out many examples of criticism of
command and control approaches, including, (Drucker 1995; Gore 1993; Harter 1992; Orts 1995).
An overview of the prevailing criticisms of command and control is outlined below (adapted
from(Stewart 1996)):
" Command and control is inefficient and wasteful. Command and control regulations are a form
of central planning: an approach that has been discredited around the world. This failure was
largely the result of an inability of central policy-makers to gather and process the information
needed to write appropriate policy directives; and a failure to provide necessary incentives and
flexibility for environmentally and economically beneficial innovation.
" The existing one-size-fits-all approach does not work. It is very expensive to achieve a given
overall level of pollution control under a centralized command system. The EPA estimates the
costs of complying with existing regulations exceeds $130 billion per year, and is expected to
grow to $200 billion by end of the century.(EPA 1990)
" The current system creates a jumble of particularistic commands that can not meet the needs for
priority setting and integrated pollution and waste prevention and control on a multimedia,
facility-by-facility or region-by-region basis.
" The approach is ineffective for dealing with small or diffuse pollution sources, such as, non-
point sources of water pollution and automobile drivers.
" Reliance on technology-based regulatory requirements results in over-control of some
environmental problems and under control of others.
" The command and control paradigm stunts innovation of better production technologies, and is
at odds with the need to encourage enterprises to pursue competitive strategies and
technological innovations.
This obstacle to innovation to promote better technologies and strategies is a paramount issue
confronting a firm's willingness and ability to engage in organizational learning. Command and
control has not promoted organizational learning, but rote compliance with existing regulations and
requirements. Susskind, Secunda, and Krockmalnic theorize that the EPA's organizational structure,
being built around a strategy that gives enforcement top priority, came at the expense of employing
alternate organizational strategies such as research and development, and regional assessment and
planning that might have better facilitated innovation and continuous learning. It has also been
theorized that these alternative approaches were not employed in the 1970's because they would
have been more difficult to implement and would not have produced measurable results as
quickly.(Susskind, Secunda, and Krockmalnic 1997)
C., RISE OF MARKET-BASED MECHANISMS AS A NEW INSTITUTIONAL
ARRANGEMENT
1. CALLS FOR INCENTIVES AND FLEXIBILITY TO DEVISE AND ADOPT
INNOVATIVE, RESOURCE EFFICIENT METHODS OF PRODUCTION
The major policy response to criticisms of the high costs of environmental compliance and dearth of
incentives for continuous improvement was the emergence of an incentive-, or market-based
approach. This approach emphasizes the importance of cost-effectiveness analysis to determine the
regulatory strategy that will produce optimum social and economic benefits.(Susskind, Secunda, and
Krockmalnic 1997) Different from command and control instruments that rely on government
enforcement, incentive-based mechanisms seek to harness the power of markets to achieve the same
regulatory ends. This approach assumes the best way to accomplish a regulatory objective is to offer
the regulated community a direct self-interest in attaining it.(Stavins and Grumbly 1993) The theory
behind utilization of market forces is that by making undesirable behavior more costly, members of
the regulated community would have an economic stake in conforming to government-specified
social goals.(Susskind, Secunda, and Krockmalnic 1997) Theoretically, this would lead to the
achievement of regulatory goals in a more cost-effective manner. Through using mechanisms that
illuminate the price of pollution, firms are given additional information on the costs of their
operations that helps them clarify production choices and internalize externalities.
An important component inherent in market-based policy structures is increased flexibility in the
approaches and strategies to implement the environmental objectives. Once environmental
objectives are set by regulators, the regulated community would be allowed to determine the most
appropriate means to achieve those goals. By allowing wide flexibility in implementation methods,
market-based mechanism are touted as possibly being more supportive of experimentation and
innovation in both technology and strategy development: an essential component for organizational
learning.
2. EXAMPLES OF MARKET-BASED MECHANISMS
The Clean Air Act Amendments of 1990 provided the first significant Federally-supported
opportunity to use market mechanisms to achieve national clean air objectives when they established
a tradable air emissions permit program. In this case, regulated firms could purchase the right to
pollute under certain restrictions from other firms who were already in compliance for emissions.
This effectively places a price on the cost of polluting and allows firms flexibility in their compliance
strategy. Additional market-based mechanisms include pollution fees, user fees, taxes and subsidies,
and deposit/refund systems.
In theory, through utilizing self-sustaining market mechanisms to achieve policy objectives, the need
for command and control regulations, complex compliance structures, and supporting legal
apparatus would be diminished. (Stewart 1996) An extension of that theory would be that with a
diminished need for regulatory oversight, the role of government in regulating industry would
diminish and the resources currently spent on supporting a large bureaucracy could be spent on
other causes.
3. NEED FOR EXPANDED UNIVERSE OF INSTITUTIONAL STRUCTURES FOR
IMPLEMENTING ENVIRONMENTAL POLICY
While market-based mechanisms were largely developed to stimulate more cost-effective and
innovative strategies for environmental policy, it is not clear that these mechanisms will have this
effect. Critics point out that these market-oriented approaches are not the panacea for the problems
associated with command and control. They believe that these mechanisms "represent an
inconsistent, experimental approach to innovation... [and] a plethora of environmental issues remain
un-addressed by either scheme.. ."(Susskind, Secunda, and Krockmalnic 1997). Susskind, Secunda,
and Krockmalnic cite the question of which pollutants can be "traded" given cost-benefit and health
concerns, and how should the public, government, and private sector come to any agreement on this
question? In addition, they point out it is not clear how community needs and desires would be
incorporated into the environmental prices set; and the stockpiling of pollution credits might only
serve to maintain the status quo for firms with substantial resources and actually discourage
technological innovation that might lead to superior environmental performance at lower costs.
Emerging research in business management literature also hints at difficulties of market-based
mechanisms in effectively influencing firm behavior. Nohria and Gulati argue that as firms
increasing become intertwined in networked relationships with other businesses and agencies, they
lose some autonomy to efficiently and effectively respond to price signals.(Nohria and Gulati 1994)
Other pressures, including, inter-firm loyalties, strategic alliances, and dependencies on specific
suppliers and markets compete with price signals to clarify options. This might indicate that
businesses might not have the ability to respond to externally imposed price signals as effectively as
some economists predict. This has implications for organizational learning. If firms can not
efficiently respond to changes in their competitive environments, or their business relationships and
practices limit their choices of options, their ability to explore, experiment, and test alternative
strategies will be limited. Reduced autonomy may hinder firm's ability to effectively engage in on-
going learning processes.
D. "REINVENTED" INSTITUTIONAL ARRANGEMENTS
As environmental problems and political climates evolved, efforts to seek new institutional
arrangements for addressing environmental policy continued. The anti-regulatory Congressional
environment in the 1980's and early 1990's brought a focus away from statutory measures and an
emphasis on voluntary programs in partnership with the private, public, and government sectors.
These efforts were largely "institutional policies" that sought to reorient existing institutional
structures to work cooperatively with the regulated community to define better approaches to
environmental policy. Programs that were developed during this period include the "Green Lights"
program, which encouraged businesses to install energy efficient light fixtures and bulbs, and the
"33/50" program, designed to voluntarily reduce the release into the environment of toxic chemical
by 50 percent by the end of 1995.(Susskind, Secunda, and Krockmalnic 1997) and (Clinton 1992).
Additional voluntary "institutional policy" approaches include the "Common Sense Initiative" and
"Project XL". Critics do not believe these approaches can be relied on to reduce the nation's
pollution.[Wilkins, 1986 #70; (Sparrow 1994); Susskind, 1997 #60] Reasons cited include a lack of
corporate willingness to participate in the face of shareholder reluctance to burden un-required
costs; disingenuous participation by firms; lack of enforcement authority; and legal impediments to
implementation of some voluntary agreements not specified in existing legislation. In addition,
voluntary cooperation is not an alternative to enforcement in many situations.
These voluntary programs are completely devoid of command and control measures to ensure
participation and compliance, and offer no specific market-based mechanisms to influence behavior.
However, several of the "re-invention" policy programs including the Common Sense Initiative and
Project XL are built on the theory of adaptive management. Adaptive management approaches seek
to foster experimentation and feedback to create more acceptable and superior policy outcomes
through a process of examination and inquiry. (Richards, Allenby, and Frosch 1994; Susskind,
Secunda, and Krockmalnic 1997) Outlined by Susskind and Secunda, these "adaptive management
techniques" require and encourage on-going institutional transformation.(Susskind, Secunda, and
Krockmalnic 1997). These concepts are based on and reflect continuous organizational learning.
Project XL, which is a national pilot program to test innovative ways of achieving better and more
cost-effective public health and environmental protection, was designed to embrace adaptive
management techniques that encourage experimentation, exploration, feedback, and learning to
develop environmental policy. Policy development was intended to be an iterative process
characterized by assessment, error correction, improving knowledge, and changing action and plans.
Critics claim the program has failed to achieve its objectives and utilize effectively the adaptive
management approach.(Susskind, Secunda, and Krockmalnic 1997) In addition, other critics think
Project XL could be "a recipe for undermining existing environmental standards under the guise of
regulatory reinvention." (Freeman 1997)
1. WHAT ABOUT DIFFERENT ALTERNATIVE ORGANIZATIONAL STRUCTURES?
Command and control has proven to be expensive, inflexible, and a lightning rod for criticism.
Market-based mechanisms, while showing some promise, are not expected to address
comprehensively enough the realm of environmental problems; and voluntary programs are
generally considered not to be adequately enforceable to bring significant and difficult changes in
the industrial community. Additional institutional arrangements need to be explored that address
some of these short-comings. An essential element of any new approach to environmental policy
should seek to promote continuous learning by the regulated community to ensure they can
effectively and efficiently adopt to changing environmental conditions and requirements. An
approach that may promote this type of continuous organizational leaning and development for
environmental management may be found in the Massachusetts Toxics Use Reduction Act of 1989.
E. AN ALTERNATIVE INSTITUTIONAL STRUCTURE: PROMOTING
ORGANIZATIONAL LEARNING THROUGH THE MASSACHUSETTS TOXIC USE
REDUCTION ACT
1. A NEW TYPE OF ENVIRONMENTAL REGULATION
A mix of command and contol, market, and voluntary mechanisms
The Massachusetts Toxics Use Reduction Act (TURA) offers a new structure of environmental
legislation focusing on reducing industrial toxic chemical use and by-product generation through
source reduction techniques. The act is unique and was the first of two state efforts to legislate
toxics use reduction.(Lieberman 1993) The Act is neither considered to be a command and control,
market-based, nor voluntary approach. However, the Act utilizes elements of all three approaches in
an innovative policy approach. This hybrid institutional structure combines several command and
control mechanisms and enforcement powers to ensure compliance with the minimal requirements,
while simultaneously providing technical assistance to promote cooperative, iterative, and voluntary
action reflecting long-term relationships between the regulators and the regulated community.
The "command and control" aspects of the Act includes mandating certain activities, including
facility pollution prevention planning, chemical use information reporting, and fee payment. The Act
also seeks to harness market-mechanisms by using price signal incentives to prompt action.
Elements of voluntary policy approaches are reflected in the fact that actual implementation of the
required facility toxics use reduction plan is 100% optional.
Through the relatively mild command and control planning requirements, TURA forces regulated
industries to comprehensively examine their production process from top to bottom and identify
opportunities to improve their environmental performance through toxics use reduction. The law
serves to focus attention of facility managers on the economic and environmental impacts of
production processes. The TURA program works to clarify price signals by facilitating firms to
quantify their costs of using toxic chemicals. The combination of planning exercises and price
clarifications encourages firms to make "eco-efficient" actions that improve their environmental
performance in addition to reducing their cost structure of production.
Rather than fix environmental objectives and compel their attainment, as is done with traditional
command and control regulations, TURA advances the federal Toxics Release Inventory strategy of
using the obligation for self-monitoring to induce firms to acquire information that reveals problems
and possibilities for their solution. (Dorf and Sabel 1998) TURA maintains the right to penalize
"willful" violators of the requirements to report toxics use and plan for reduction, as well as set
industry-wide TUR performance standards if particular industries are not showing significant
progress. (M.G.L.c.211 1989) To date, however, regulators have not needed to set any industry
performance standards.
TURA's institutional arrangement seeks to engage the regulated community in a highly cooperative,
collaborative, and supportive relationship to facilitate implementation of the state-wide goals of
reducing toxic chemical use and by-product generation by 50%. Through a multi-agency program of
training, research, outreach, and technical support, the TURA program actively seeks to engage
firms in a process of discovery and learning to seek out innovative ways to reduce their use of toxic
chemicals.
The Massachusetts Department of Environmental Protection (DEP), one of three core agencies
charged with implementing the program, described this cooperative structure in the following terms:
The Commonwealth is mandated to assist industry; to requestfrom industty information intended to
be useful bothforfirms seeking toxics use reduction opportunities andforpublic decision-makers;
and to otherwise create a regulatog environmentfor industty that is more supportive of investment in
toxics use reduction. In other words, the Commonwealth is not mandated to take a "command and
control" approach to promoting toxics use reduction.(DEP 1998b)
Minimal regulatory requirements
Compared to many of the permit-intensive regulatory structures, such as the Clean Air and Water
Acts and Resource Conservation and Recovery Act, the regulatory burden of TURA is minimal. To
fully comply with the law, firms must only prepare a toxics use reduction plan and update it every
two years, report on their chemical use in each facility, and allow periodic multimedia inspections by
the Department of Environmental Protection. (DEP Undated)
State-supported technical assistance and information gathering and sharing
A key element of TURA is that it seeks to provide the tools to help businesses learn how to do
toxics use reduction themselves. A goal of the program is build the institutional capacity of firms to
carry out proactive pollution prevention initiatives without being coerced. Several resources were
established by the Act to serve these organizational development objectives. These include
providing technical assistance, serving as an information and knowledge network-broker, and
providing a regulatory environment that is conducive to learning and experimenting with new and
innovative approaches and technology for pollution prevention and source reduction.
2. A NEW ROLE FOR GOVERNMENT IN ENVIRONMENTAL PROTECTION
Facilitator of internal action and karning
The TURA focus on promoting organizational development among the regulated community is a
new approach for environmental policy. The role of government in the TURA program shifted to
be primarily a facilitator of new ideas and technologies, and not that of an enforcement agent. By
providing firms with the tools and knowledge they need to identify and implement production
changes that are both good for the environment and good for the bottom line, TURA is defining a
new role for government in environmental protection. Absent is the requirement of firms to adopt
specific technologies and performance goals at any cost, and absent is the complete reliance on the
markets to drive production changes.
Information and knowledge proider
The key to TURA's approach is to spur firm self-discovery through planning requirements in which
firms analyze their complete production processes to identify opportunities to reduce the use and
generation of toxic chemicals, while providing them the conceptual framework, technical training,
and assistance they might need to develop such a plan. After firms have completed their toxics use
reduction plans, the state requires the plan to be reviewed by a state-certified toxics use reduction
planner (who may be an employee of the firm), and then seeks to provide them with the technical
and conceptual support they need to carryout the actions identified in their plan.
3. WHAT HAS TURA DONE?
In 1997, the Toxics Use Reduction Institute released the findings of a comprehensive evaluation of
the first 8 years of the TURA program.(Becker and Geiser 1997) The report incorporates the finding
of several significant evaluation efforts, including:
" Three evaluation studies conducted by independent contractors, including a survey of
the 1993 TURA filers with 434 of 645 (67/6) firms responding; an in-depth investigation
of TUR at 25 Massachusetts manufacturers; and a social benefit-cost analysis of the
TURA program (See (TURI 1997a; TURI 1997b; TLRI 1997e);
" An inventory and assessment of the programs of the TLJR agencies; and
* An analysis of the TUR data.(See (TURI 1996))
Reduced state-wide risk of environmental damage fom toxic chemicals
Based on toxic chemical use and byproduct generation data provided by TURA-regulated firms, the
TURA program was able to determine chemical use trends over the period of 1990 to 1995.2
According to the TURA evaluation, Massachusetts industries have made significant progress in
reducing their use and by-product generation of toxic chemicals. Between 1990 and 1995, the six
years that TURA data exists, toxic by-product generation declined 30% and toxic chemical use
dropped 20%. That translates into 21 million less pounds of toxic waste generated, and 72 million
less pounds of toxic chemicals used. (TURI 1997c) These figures have been normalized to take into
account changes in levels of production. The evaluation revealed that since 1990, 55% of facilities
decreased their by-product generation and 60% decreased their use of toxic chemicals per unit of
total production. (Becker and Geiser 1997) See Figures 1. and 2.
2 "Total chemical use" is defined in the Act as the total amount of a TURA chemical reported as manufactured, processed, or
otherwise used. "Byproduct" is all non-product outputs of a TURA reportable substance generated by a production unit prior to
handling, transfer, treatment and release. (M.G.L.c.211 1989)
24
Figure 1. State-wide reductions in toxic chemical by-product generation
Toxic Chemical Byproduct Generation 1990-1995
(Source: DEP TURA data, Jan. 1997)
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Figure 2. State-wide reductions in toxic chemical use
Toxic Chemical Use 1990-1995
(Source: DEP TURA data, Jan. 1997)
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Changed envimnmental managementpractices of industrialfirms
Data shows that the TURA program has significantly increased firm activity in key areas of
environmental management, particularly in toxics use reduction. The evaluation revealed that
Massachusetts TURA firms "are making significant efforts" to implement the law by changing their
practices and processes to reduce their dependence on toxic chemicals and generation of toxic
wastes. The survey of TURA firms indicates that firms have significantly increased their involvement
in key TUR practices since implementation of TURA from 1990 to the present. For example, only
30% of TURA firms were reviewing changes in production processes for their environmental, health
and safety impact in 1990 while 76% report doing so in 1997. Eighty-one percent of survey
respondents stated that they have or will implement at least a few of the projects selected for
implementation in their TUR plans, and all 22 TURA firms studied in the in-depth evaluation were
found to have implemented TUR projects between 1990 and 1996.(Becker and Geiser 1997)
The evaluation noted a significant shift in TUR-type environmental practices at firms from 1990 to
the present. Table 1. shows how firms have increased their involvement in six areas of
environmental management.
Table 1. Changes in Firm's Environmental Management Practices
_Before 1990 1996
1. Tracking quantity of wastes 49% 89%
generated
2. Tracking quantities of chemical 48% 90%
used
3. Establishing a corporate or facility 24% 68%
environmental team
4. Setting goals for waste reduction 24% 73%
5. Reviewing changes in production 30% 76%
processes for their environmental,
health and safety impact.
6. Allocating environmental costs to 21% 52%
processes or products
Notes: Total number of facilities is 434. Survey conducted June-July 1996. Source: (Becker and Geiser 1997)
Broughtpollutionpreventionplanning intofims
The TURA evaluation found that a significant number of firms are implementing TUR activities
even though they are not required by the law to do so. In fact, 81% of survey respondents indicated
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that they will implement at least a few of the TUR projects selected for implementation in their TUR
plans. (Becker and Geiser 1997). Of the facilities that said they have or will implement at least a few
of the projects identified in their TUR plans, the evaluation found that:
* 61% reported that they have decreased their byproduct generation since 1990, and
* 67% reported that they reduced their toxic chemical use during the same time frame.
However, of the firms that have not implemented any of their identified TUR projects:
* 61% reported that byproduct generation has increased or remained unchanged since 1990, and
* 66% reported that toxics use has increased or remained unchanged, during the same time
frame.(Becker and Geiser 1997)
4. OVERVIEW OF TURA
Backgound
In 1989, after negotiations between industry and environmental activists, the Massachusetts
legislature unanimously passed the Toxics Use Reduction Act (IURA, M.G.L. c.211), making
Massachusetts the first state in the U.S. to legislate pollution prevention.(EOEA 1996). The goals of
the legislation, which were endorsed by the business trade association, Associated Industries of
Massachusetts, and the Massachusetts Public Interest Research Group, were to cut in half by 1997
the quantity of toxic and hazardous wastes generated by Massachusetts industries - using toxics use
reduction (TUR) techniques - while simultaneously enhancing the competitiveness of Massachusetts
businesses through promoting efficient materials use and management.
The legislation requires firms to report on toxic chemical use and to undertake toxics use reduction
planning. Currently, approximately 600 Massachusetts firms are captured under the TURA program.
(Becker and Geiser 1997)
The industries regulated under TURA and their Standard Industrial Classification (SIC) codes are
shown in Table 2.
Table 2. Industries Regulated by TURA
10 thro 14 Minin
20 thro 39 Manufacturin
40, 44 through 49 Trans ortation
50,51 Wholesale
72, 73, 75 and 76 Certain Services
Source: (Becker and Geiser 1997)
Toxics use reduction is defined in the enabling legislation as:
in-plant changes in production processes or raw materials that reduce, avoid, or eliminate the use of
toxic or hazardous substances or generation of hazardous by-products per unit ofproduc, so as to
reduce risk to the health of worker, consumers or the environment, without shifting risks between
workers, consumers, orparts of the environment. (M.G.L.c.211 1989)
Speafic Goals and Appmaches
Broadly, the essential goal of the law is to promote "toxics use reduction". The goals are based on
state-wide totals and make no facility-specific targets, nor require firms to do so. Facilities are free to
establish their own goals and objectives. The Massachusetts Legislature set forth the following goals
of the program: (from (DEP 1998b))
1. To establish for the Commonwealth a statewide goal of reducing toxic waste generated by
fifty percent (50%) by the year 1997 using toxics use reduction as the means of meeting this
goal;
2. To establish toxics use reduction as the preferred means for achieving compliance with any
federal or state law or regulation pertaining to toxics production and use, hazardous waste,
industrial hygiene, worker safety, public exposure to toxics, or releases of toxics into the
environment and for minimizing the risks associated with the use of toxic or hazardous
substances and the production of toxic or hazardous substances or hazardous wastes;
3. To sustain, safeguard, and promote the competitive advantage of Massachusetts businesses,
large and small, while advancing innovation in toxics use reduction and management;
4. To promote reductions in the production and use of toxic and hazardous substances within
the commonwealth, both through the programs established in section three of the Act and
through existing toxics-related state programs;
5. To enhance and strengthen the enforcement of existing environmental laws and regulations
within the commonwealth; and
6. To promote coordination and cooperation between all state departments and agencies
administering toxics-related programs.
The Act suggests six toxics use reduction techniques for firms to utilize in achieving the program's
objectives. However, firms are free to use whatever methods they feel most appropriate. The
techniques include: (from (DEP 1998b))
1. Input substitution, which refers to replacing a toxic or hazardous substance or raw material
used in a production unit with a non-toxic or less toxic substance;
2. Product reformulation, which refers to substituting for an existing end-product, an end-
product that is non-toxic or less toxic upon use, release or disposal;
3. Production unit redesign or modification, which refers to developing and using
production units of a different design than those currently used;
4. Production unit modernization, which refers to upgrading or replacing existing
production unit equipment and methods with other equipment and methods based on the
same production unit;
5. Improved operation and maintenance of production unit equipment and methods,
which refers to modifying or adding to existing equipment or methods including, but not
limited to, such techniques as improved housekeeping practices, system adjustments,
product and process inspections, or production unit control equipment or methods; or
6. Recycling, reuse, or extended use of toxics by using equipment or methods that become
an integral part of the production unit of concern, including, but not limited to, filtration and
other closed loop methods.
Legislated TURA Resources
The TURA legislation establishes a host of resources to assist the regulated community in
identifying and implementing TUR activities. These include: (from: (DEP 1998b) and (TURI
1997c))
e The Office of TechnicalAssistancefor Toxics Use Reduction (OTA), (formerly the Office of Toxics Use
Reduction Assistance and Technology), which provides non-regulatory, confidential technical
assistance to industrial toxics users seeking to implement toxics use reduction programs, and
offers workshops and forum on TUR. OTA will, upon request, visit facilities and conduct audits
to assess TUR opportunities and propose activities. Their knowledge is intended to be process
intensive and geared towards identifying actual opportunities on the facility floor. The office
includes 20 technical assistance specialists. Over the past five years OTA has made more than
1400 site visits at more than 600 facilities offering thousands of hours of technical assistance. In
addition, OTA has sponsored nearly 250 events attracted more than 16,600 participants.(TURI
1997c)
" Toxics Use Reduction Institute (TURI) at the University of Massachusetts at Lowell, which develops
training programs for toxics users, toxics use reduction planners and others involved in toxics
use reduction; engages in research, development, and demonstration of toxics use reduction
methods; and provides a technical library and information source and special laboratories for
testing surface cleaning technologies. One of their most widely used services is the Toxics Use
Reduction Planner (TURP) courses that provide TUR instruction to facility managers, engineers,
and environmental, health, and Safety staff. Since 1992, TURI has offered over 25 Toxics Use
Reduction Planner training courses to more than 658 people.
" A multimedia enforcement and compliance service frm the Department of Environmental Protection (DEP).
DEP also administers TUR reporting, coordinates agency toxics activities with the federal
Environmental Protection Agency, manages TURA program data and licenses TUR planners.
DEP monitors corporate compliance through submittal of TUR reporting information,
multimedia inspections and coordination with other state and federal agencies. To date,
inspections and compliance reviews have generated over 500 TURA-related enforcement
actions. The Department has issued over $100,000 in penalties for TURA violations. To
complement the compliance service, DEP has conducted over 100 events throughout the state
to allow the regulated community access to TUR program regulators and compliance
assistance.(TURI 1997c)
e Administrative Council on Toxics Use Reduction, on which sit representatives of DEP, the executive
offices of Environmental Affairs, Economic Affairs, and Labor, the Department of Public
Health, and the Office of Science and Technology. This Council is advised by an Adisory Board
that includes representative of industry, environmental groups, and health organizations and
serves as the coordinating and policy-setting body for the TURA program.
Firms regulated under TURA are required to pay a sliding-scale fee depending on the size of the
firm and the quantity and number of toxic chemicals used. The fees are used to support the work of
the four special programs described above.
TURA Planning Requirements in Detail
TUR planning forms the core approach for the TURA program, and is the key component for
initiating a process of organizational learning. The Act requires "large quantity toxics users," (defined
as firms that manufacture or process at or above 25,000 lbs. a year, or otherwise use 10,000 lbs. per
year of a listed toxic chemical), are required to develop an inventory of chemicals flowing in and out
of each production process at a facility, and to develop a toxics use reduction plan for each such
production process at a facility. TURA listed chemicals include all substances listed on the
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) as well as
those on the Emergency Planning and Community Right to Know Act (EPCRA) list. (M.G.L.c.211
1989) The Toxics Use Reduction Institute outlined firm's reporting requirements: ((Clark 1997))
1. Management Leadership. Regulated firms must provide a statement of policy that
encourages TUR and specific policies that affect TUR. Firms are required to describe the
ways the firm encourages reduction in the use of toxic chemicals or the generation of toxic
by-products. Elaboration on these basic requirements is encouraged by discussing TUR in
relation to research and development, financial decisions, training for new employees or
other business practices.
2. Control and Implementation. To accomplish planning for TUR, firms are encouraged to
establish planning teams and engage the work force in analyzing production process,
conducting materials accounting programs, auditing health and environmental regulations
and identifying TUR options.
Information developed about production processes must include a process flow diagram;
identification of a "unit of product" for each described process; and quantity, purpose and
fate of toxic chemicals used. Additionally, each plan must describe the technical feasibility
and economic impacts of implementing various options; a description of the technique or
procedure that is to be implemented; and a schedule for implementation.
Six months before plans are due, companies must notify employees about the requirements
of the planning process and the company's planning activities and chemical focus.
Comments and suggestions must be solicited from employees about TUR options, and
employee participation from all functional areas is encouraged during planning activities.
Planning includes preparation of a plan document to be maintained at the facility, and a
plan summary to be submitted to the State. The plan document must include the
management policy statement; a scope of the plan; employee notification; process
characterization of each listed chemical addressed; cost of the toxic chemicals; options
identification; options evaluation; and options implementation.
Each plan must also establish two- and five- year goals for by-product reduction of each
listed chemical used in that facility. Plans are to be formally updated every two years,
including an assessment of the implementation schedule and TUR commitments.
The plan summary submitted to the State must include data - normalized by production
volume - about historic and projected change in facility-wide use and individual process by-
product generation for each chemical. By-product reduction goals are described by the use
of two indices, the By-product Reduction Index (BRI) and the Emission Reduction Index
(ERI). The BRI refers to the non-product output of a process and is therefore a measure of
efficiency. The ERI refers to pollution released from the facility.
3. Employee Accountability. The Chief Executive Officer of the firm must sign the plan
certification statement affirming the accuracy of the statements in the plan and the
information used, based on an inquiry of those individuals immediately responsible for the
development of the plan. The plan certification statement must also be signed by a TUR
Planner, certified by the State, proclaiming independent professional judgment as to the
sufficiency of the plan. Plans, which are kept on site, may be inspected by an official from
the MA DEP on request.
4. Appropriate Response. Because TUR planning is a preventive approach, spill impacts and
compliance violations are anticipated in the options evaluation activity and addressed
through appropriate chemical selection.
Resources and network created
The four institutions created by the Act established a rich network of information and knowledge
resources that provide many different opportunities for firms to obtain assistance in developing and
implementing TUR activities. The Act was designed to promote voluntary implementation of TUR
techniques by firms through providing free and accessible sources of information and support. A
detailed list of specific resources created by TURA is included in Appendix 1. TURA program
revenues and expenses are show in Table 3.
Table 3. TURA Program Revenues and Expenses, 1991-96
FY 91 FY 92 FY93 FY94 FY 95 FY96
(budgeted)
Revenues 2,049 4,757 4,814 4,505 5,569 4,490
DEP 223 624 520 815 964 1,000
Expenses
OTA 256 1,215 1,233 1,493 1,643 1,831
Expenses
TURI 339 983 1,303 1,445 1,387 1,763
Expenses
Note: Expenditures do not add up to revenues each year, because during various years, funds were expended for purposes other than the TURA
program. Source: (TURI 1997c)
5. DOMINANT ACCOUNT OF TURNS PRIMARY EFFECT: ECO-EFFICIENT GAINS
Dominant accounts of TURA's primary effect on Massachusetts's industry emphasize the success of
TURA in facilitating firms to take advantage of rational, cost-effective, and eco-efficient production
changes to reduce the volume of toxic chemicals. This is not surprising as the two goals of the Act
are to 1.) reduce toxic chemical use, and 2.) increase business competitiveness. However, these
changes in production, while advancing the state-wide goals, have not been examined from a
learning perspective to illuminate whether these changes were merely one-time activities, or part of a
larger, on-going process of building environmental competence. A better understanding of the
dynamics of changes in practice due to learning processes is essential if improvements are to be
sustained, and capable of adapting to evolving environmental challenges.
Dominant Account of TURA's Effect
Coined by the Business Council for Sustainable Development, "eco-efficient" can be defined as a
process of adding ever more business value while steadily decreasing resource use, waste, and
pollution. (Schmidheiny 1992) Tied more directly to facility-level production decisions, eco-efficient
options are those that present a win-win opportunity were a particular action will reduce the cost per
unit of production, while at the same time, lessen the environmental impact of that process. TURA
has played a key role in helping firms identify and capitalize on these eco-efficient opportunities.
These changes may be static, or part of a larger, evolving process of management.
Major accounts of TURA's success and the program's effects on Massachusetts business, such as
(Becker and Geiser 1997; DEP 1996; EOEA 1996; TURI 1996; TURI 1997a; TURI 1997b; TURI
1997c; TURI 1997e), focus on the implementation of projects that resulted in reduced toxics use
and increased cost saving. The emphasis of these accounts is on the eco-efficient actions taken by
facilities as a result of their TUR planning. The impact of TURA has been most often described in
terms relating to the percentage change of chemical use and by-product generation, dollars saved,
and the technologies installed.
TURA is structured to facilitate firms to make eco-efficient changes through illuminating previously
un-recognized win-win opportunities. This has been accomplished through the planning
requirements and through subsidizing the information-gathering process. TURA provided
information, knowledge, initiative, and legitimization to the firms to undertake TUR activities. In
addition, TURA has helped clarify price signals that assists managers in choosing eco-efficient
options.
In response to these price clarifications, and focused attention on TUR, facilities have responded
precisely how the Act intended: they implemented the win-win opportunities.
6. NEED FOR EXPANDED ACCOUNT: ORGANIZATIONAL LEARNING
However, these explanations of TURA's effect on highlighting eco-efficient actions, do not begin to
answer the critical question of whether these changes reflect an ability of firms to implement
programs of continuous environmental improvement, or whether the changes are only one-time
actions responding in rote fashion to indisputable evidence of cost savings. An expanded analysis of
the effects of TURA would begin to answer the question. An examination of TURA as promoting
processes of organizational learning may serve to better understand how best to facilitate change in
manufacturing operations. An expanded account of TURA's effect may indicate that the Act has
prompted organizational learning by effecting the structure and focus of the firm's organizational
inquiry - an important step in organizational learning. TURA's effects may have also impacted the
structure of production and decision-making networks within the firm.
By examining instances of TUR practices in the printed wiring board industry from a learning
perspective, I intend to shed light on the role TURA played beyond helping to identify eco-efficient
options.
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III. THE PRINTED WIRING BOARD INDUSTRY
A. BACKGROUND INFORMATION ON THE PRINTED WIRING BOARD INDUSTRY
1. WHY THE PRINTED WIRING BOARD INDUSTRY
I chose to focus my research on one industry in an attempt to hold relatively constant some of the
variables effecting environmental management of TURA-regulated firms. The printed wiring board
(PWB) industry exhibited several characteristics that made it favorable for examining issues of
technological change and organizational learning, including:
e The industry generally has adequate capital resources to make technology/equipment
purchases as needed to remain competitive;
" The industry has experienced significant technological changes;
* The realm of technology changes in the industry includes both high and low tech changes;
e The industry faces significant environmental challenges; and
e Geographic clustering of facilities in Massachusetts makes for reasonable research access.
In addition, the printed wiring board industry is well suited for comparative analysis because many
facilities use similar processes to produce similar products; they have a mix of private and public
ownership, and most companies have similar organizational structures to manage production and
environmental impacts. (King 1993)
It should be noted that the characteristics that make the PWB industry attractive for studying the
effects of policy on organizational learning may have implications for studying organizational
learning in other industries. For example, the PWB industry is characterized by a fairly fast cycle-
time in which production technologies change rapidly. Because of this, the opportunity for
innovation may be higher than in industries that utilize older, established, and more static
technologies. In addition, since the industry is subjected to strong competitive pressure and low
profit margins, the PWB industry is highly receptive to experimentation with actions that may
increase operational efficiency and yield; measures that may be conducive to organizational learning.
However, the cases of organizational learning discussed in later chapters grew from inquiry
processes that are not limited to the printed wiring board industry. The insight gained from
examining organizational learning in the PWB industry may also be applicable to other industries.
Many processes of organizational inquiry and learning can be shared across industries and can serve
to enhance management competence regardless of industry-specific characteristics.
2. BACKGROUND ON THE PRINTED WIRING BOARD INDUSTRY
The Product
The printed wiring board manufacturing industry is categorized as Standard Industrial Classification
(SIC) code 3672. For my research I also included facilities that produced components used in the
production of PWBs, such as etch lead frames (SIC 3679) that make up the skeleton of the PWB.
A printed wiring board is the foundation of all electronic equipment. The PWB forms the platform
on which electronic components, such as integrated circuit chips and capacitors, are mounted. The
PWB, also known as a printed circuit board (PCB), provides both the physical structure for
mounting and holding electronic components as well as the electrical interconnection between
components. Generally, a PWB consists of a non-conducting substrate (typically fiberglass with
epoxy resin) upon which a conductive pattern or circuitry is formed. Copper is the most prevalent
conductor, followed by nickel, silver, tin, tin-lead, and gold. There are 3 types of PWB: single-sided,
double-sided, and multi-layer. Single-sided PWBs have a conductive pattern on one side only,
double-sided PWBs the patterns are on both sides, and multi-layer boards have alternating layers of
conductor and insulating material bonded together. The conductive layers are connected by plated
"through-holes," which are also used to mount and electrically connect components. Printed wiring
boards with the attached electronic componentry make up an electronic assembly that is the basic
building block for all electronic systems. (EPA 1998)
Characteristics of the PWB Industry
Printed wiring board manufacturing is a highly technical, complicated operation requiring large
equipment investments and over fifty process steps. PWBs are always custom designed for the
particular electronic component in which the PWB will be used. Therefore, PWBs are not
considered to be commodities, although the industry is characterized by a highly competitive global
market and very low profit margins. (EPA 1998) The highly competitive environment is a significant
driver for technological development, and efficiency improvements.
In the United States, the PWB industry has been a highly regulated industry. Environmental
regulatory pressure began to build when the Clean Water Act started to require more stringent
pollution standards for public wastewater treatment facilities, into which most PWB facilities
discharge their effluent. In turn, these publicly owned treatment works (POTWs) began to force the
PWB industry to reduce its pollution. In 1983, the EPA set environmental performance standards
for industries in metal finishing, which includes the PWB industry.(King 1993) Many facilities that
have operations that use large quantities of volatile organic compounds (VOCs) are required to hold
Clean Air Act permits. When TURA was enacted in 1989, the PWB industry became regulated
under the Act because is was a manufacturing industry. The PWB industry is also subjected to the
following environmental statutes: Pollution Prevention Act of 1990 (PPA), Resource Conservation
and Recovery Act (RCRA), Emergency Planning and Community Right-to-Know Act
(EPCRA).(EPA and Circuits 1998)
According to the EPA, investments in regulatory compliance and pollution prevention by the PWB
industry in the U.S. averages 2.1% of sales. (EPA 1998) The industry has been considered fairly
active in pollution control and prevention activities and has participated in several national EPA
programs, including the 33/50 and Design-for-Environment programs.(EPA 1998)
Industry Composition
Nationally, there are approximately 750-800 PWB manufacturing facilities, with approximately 74 of
those facilities located in New England. The vast majority of PWB manufacturers are small to
medium enterprises with annual sales under $10 million. While the smaller operations are numerous,
they capture only 20-30% of the market dollar volume, while the largest 40 or so companies with
annual sales over $20 million control about 55%.(EPA 1998)
Fabrication Process Background
The largest product segment of the PWB industry is the rigid multi-layer PWB. The fabrication
process used to manufacture these PWB is common throughout the industry and is described below
in a simplified fashion. The most common fabrication technique is subtractive processing, in which
copper is selectively removed from a PWB to form a circuit.
A generic process for fabrication of a rigid multi-layer PWB can be broken into nine process steps:
Circuit design and data acquisition,
Inner layer image transfer (including print and etch),
Laminate inner layers,
Drill holes,
Clean holes,
Make holes conductive,
Outer layer image transfer,
Surface finish, and
Final fabrication.
A schematic of a generalized PWB fabrication process is outlined in Figure 3.
Figure 3. Typical Process for PWB Manufacture.
Typical Process Flow for PWB Manufacture.
Source: (EPA 1998)
3. ENVIRONMENTAL CHALLENGES FACING INDUSTRY
Certain manufacturing methods and materials used in PWB production have significant
environmental impacts. These include: (from (EPA and Circuits 1998))
1. Making holes conductive: this process has received much environmental management attention
because it is chemical-use intensive, generates substantial amounts of waste, and raises some
exposure concerns for workers. During this step, a thin seed layer of conductive material,
most often electroless copper, is deposited on the PWB to facilitate copper electroplating.
Formaldehyde is used in large quantities in this process, and is a health threat to workers. In
addition, wastewater implications from copper, EDTA, other complexing agents are high.
2. Etch resists: Etch resists are needed on any PWB manufactured using a "subtractive" process.
The etch resist protects the underlying copper circuitry from being etched away. Dry film,
screens ink or a plated metal act a resist. Depending on the process, either tin-lead, lead, or
nickel wastes are generated in this process. The lead wastes generated in the tin-lead process
pose the most significant health and environmental problems in the etch resist process.
3. Etchant The two dominant etchants are cupric chloride and ammonia. Ammoniacal etchants
are most common and pose the largest environmental impact.
4. Solder mask: Solder mask is required in most PWBs. Chemicals used in this process include
liquid photo-imageable masks (LPI), thermal masks, and dry film masks.
Wastewater Generation and Discharge:
A recent survey of the printed wiring board industry revealed the following wastewater
characteristics for the industry as a whole: (from: (EPA and Circuits 1998))
e The majority of firms discharge their wastewater into POTWs (77%);
" Average daily wastewater flow rates range from 5,200 gallons per day to 400,000 gallons per day.
" Production-based effluent analysis reveals a wide disparity of effluent flow per square foot of
PWB production, ranging from 250 gallons/layer-ft2 to less than 75 gallons/layer-ft2. A
majority of facilities produce less than 75 gallons/layer-ft2.
" Facilities with low water usage rates achieved them through simple water conservation
techniques and ion exchange to recycle water.
* A majority of facilities must meet discharge limitations that are more stringent than the Federal
standards.
o 86% of facilities reported that they did not have any problems with compliance. Of the facilities
reporting problems meeting discharges requirements, lead, copper, and silver were most often
the cause of non-compliance.
Pollution Prevention and Recoveg
Pollution prevention and recovery activities by PWB firms are quite prevalent. Eighty-one percent
of facilities use a recycle, recovery or bath maintenance technology including ion transfer,
electrowinning, ion exchange, diffusion dialysis, membrane electrolysis, evaporation, and solvent
extraction to recover spent materials. (EPA and Circuits 1998).
The most common waste streams from the PWB industry include: spent etchant chemical baths that
contain ammoniac etchant and copper, (the copper can be recovered and etchant regenerated off-
site); tin and tin/lead stripping solutions; lead containing flux, and solder; copper-containing micro-
etchants; gold- and silver-bearing electroplating wastes; and copper-containing rack stripping
solution. Due to the high metal content, a majority of facilities ship their sludge waste streams to
recycling facilities rather than landfills.(EPA and Circuits 1998)
Wastewater Treatment
According to the EPA study, the primary purpose of the wastewater treatment systems employed is
to remove dissolved metals. This is accomplished through installation of conventional metal
precipitation systems, ion exchange-based removal systems, and combined precipitation/ion
exchange systems. In addition, 40% of facilities use ion exchange as their basic wastewater treatment
technology. (EPA and Circuits 1998)
Enironmental Problems and Needs
The PWB industry has voiced several concerns, challenges, and needs concerning managing
environmental issues. The most common concern in the industry is the challenge they face with the
increasing cost of compliance. Other challenges include: frequently changing regulations, reducing
worker exposure to chemicals, consistently meeting effluent and discharge limits, eliminating
solvents, inconsistent enforcement of regulations, meeting air emission standards, and hazardous
waste transportation liabilities.(EPA and Circuits 1998)
There are needs for additional environmental information by the PWB industry. This includes
information on chemical recycling, water recycling, certification courses in pollution prevention,
fully or semi-additive processes, tin-lead alternatives, smear removal alternatives, and direct
imaging.(EPA and Circuits 1998)
The industry survey revealed PWB facilities seek their information on environmental management
from a variety of sources. A majority of facilities seek information from the following: vendors
(81.4%), in-house engineer (72.1%), professional journals (65.1%), literature from trade
organizations (57%), in-house chemist (55.8%), books (55.8%), and other shops or competitors
(52.3%). Other information sources included conferences (46.5%), other in-house employees
(45.4%) and consultants (32.6%)(EPA and Circuits 1998)
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B. DISCUSSION OF PRINTED WIRING BOARD INDUSTRY CASES
1. CASE PROFILES IN BRIEF
Table 4. Overview of Firms That Participated in Thesis Research
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2. CONSIDERATION OF ENVIRONMENTAL IMPACTS IN PRODUCTION DECISIONS
Management OrganiZation
The range in sizes of the firm facilities I visited was quite broad. In terms of employees, the smallest
employed 80 people, and the largest 5,500, with the median number of employees being 650. Annual
44
Alpha
Company
sales for the facilities ranged from $7 million to approximately $1 billion, with the median annual
sales being $80 million. The size of the firm generally impacted how environmental management
responsibilities were structured.
The two smallest firms did not have staff dedicated solely to addressing environmental issues within
the facility. In these cases, environmental responsibilities, including TURA planning, compliance
assurance, and pollution prevention leadership, were generally bundled with worker safety, facility
operation, maintenance, and other support functions under the management of one office. For
example, in Alpha Company, the facility manager was responsible for all environmental and worker
safety issues, and was the firm's certified toxics use reduction planner (TURP). The TURP was
"grandfathered" as a TURP as he had been doing pollution prevention work at his facility for at
least two years. 3 This TURP was also responsible for all facility management issues. A wastewater
treatment specialist supports the facility's wastewater treatment works. The facility manager answers
directly to the firm president, as does the wastewater treatment specialist.
The three largest firms have departments that are dedicated to environment, health, and safety
functions. At all three larger facilities, the EHS functions are divided into corporate EHS offices that
develop firm-wide environmental policies and initiate firm-wide initiatives, and divisional and facility
EHS departments that are responsible for TURA planning and implementation, regulatory
compliance, and waste treatment at the facility level. Generally, the facility and divisional EHS
offices report to a vice-president for corporate services who also oversees maintenance and facility
operations.
Pmcessfor handling envirnmental issues in production decisions
The process for addressing environmental concems in production decisions is very similar for each
of the five firms regardless of size, and there was little variation in the process used to identify and
address environmental implications of proposed production changes. The basic structure common
to all, is as follows:
3 According to the Act, facility managers who can demonstrate to the State that they have been engaged in TUR-related activities
for at least two years, do not have to take the TURP course to receive certification as a TURP.
1. For every request for facility changes in equipment, processes, chemical use, and
chemical make-up, a report stating the nature of change desired is generated and
distributed to every functional office in the facility, such as, EHS, maintenance, finance,
process engineering, etc.
2. Each functional office then has to review the request, query the department who made
the request, if necessary, and then sign off for its approval, request modifications, or
reject the request.
3. All requests must be approved by the EHS department. Before doing so, EHS staff
generally consider the following issues when considering an approval:
* if the request is for a chemical, an analysis of the Material Safety Data Sheet (MSDS)
for environmental, health, and safety implications;
* analysis of the exhaust implications, and drain requirements;
* whether the chemical is reportable under TURA or other regulations;
* whether the firms is already reporting for this chemical, and if it is, EHS will request
about the feasibility of whether a non-reportable chemical can be substituted; and
* whether the chemical or process will affect the firm's compliance status.
4. At the review stage, the EHS departments can raise issues, request modifications, suggest
alternatives, or deny the request based on EHS issues. Consensus processes are usually
employed to resolve request conflicts.
Environmental issues in production can also be proactively addressed through the EHS functional
departments. In all five cases, people responsible for EHS functions have actively pushed for the
adoption of specific technologies that they believed were environmentally superior to existing
practices. For example, at Kappa Company, the EHS has a research and development program to
carry out research and testing on environmental technology alternatives. When the technology is
shown to be effective, EHS then actively lobbies other functional groups to adopt the technology.
At Kappa Company, the technology platform changes pushed by EHS is the second strongest force
for pollution prevention initiatives in the firm, following initiatives arising directly from the
production process engineers.
3. SOURCES OF ENVIRONMENTAL INFORMATION
Firms obtain information on the environmental impacts of their production processes, particularly
on toxics use reduction, from a variety of sources. The predominate and preferred sources of
environmental information are trade associations and equipment and chemical vendors. These
sources were noted by all five firms as their most important source of new ideas and information on
TUR and other environmental issues.
Trade associations mentioned, include The Institute for Interconnecting and Packaging Electronic
Circuits, Interconnect Technology Research Consortium, Associated Industries of Massachusetts,
and the Institute of Electronic and Electrical Engineers.
Equipment suppliers and vendors play an important role in providing information concerning
environmental implications of and options for equipment, processes and chemicals. It was noted
that vendors often get their information from trade associations and their journals.
Other sources mentioned with less frequency, are internal expertise, and external formal and
informal networks that include other corporate environmental engineers and managers, TURA
agencies, and not-for-profit organizations.
My research findings concerning how PWB facilities obtain their information on environmental
matters strongly echo the national EPA survey findings discussed above.
4. HOW FIRMS INTERFACE WITH TURA
An emphasis of the interviews with environmental managers was to assess the degree firms interact
with the TURA program. Questions were asked pertaining to what TURA-sponsored activities the
firm's toxics use planner participated in, and how much they relied on TURA resources for
information to help them develop and implement their TUR plan. Appendix 2. shows the interview
protocol used during the interviews.
Participation in activities sponsored by the TURA implementing agencies, (TURI, OTA, and DEP),
was generally limited to a single person within the firm who served as a focal point for all TURA
matters. That individual was most often the environmental manager who was responsible for
preparing and certifying the facility's TUR plan. The TURA program resource most actively utilized
was the TURI-sponsored classes for toxics use reduction planners. Every firm had staff who had
participated in either the full certification TURP class or had attended individual classes. Beyond
that facility's core TURP, participation of other employees in TURA resources was largely limited to
attendance in TURP classes at TURI.
The second most noted TURA resource utilized, was the TURI toxics use reduction newsletter that
was read by half of the facility TURPs. The Technology Transfer Center at the Toxics Use
Reduction Institute was noted by three managers as a valuable source for obtaining chemical
information. Utilization of OTA technical assistance was limited to two facilities. Generally, the
facilities not utilizing OTA services felt that the agency did not have adequate knowledge of the
processes used in the manufacture of PWB to be of assistance. It was felt their knowledge was too
broad for their specific needs. However, one medium-sized firm utilized OTA services extensively
(1-2 full days per year) and the facility TURP felt they were useful in identifying TUR opportunities.
Generally, with the exception of one facility EHS manager who was a TURP, other facility TURPs
felt they had very limited involvement with TURA-program resources. The predominant point of
contact for these managers are the TURP courses at TURI. Participation in the courses was limited
to only a handful of environmental staff from the facilities, with the exception of one case that will
be explored in greater detail in Chapter IV. Environmental managers relied much more heavily on
trade associations, vendors, and other environmental managers within the industry for ideas and
information on toxics use reduction. TURA resources were consistently mentioned as the least
common source for information.
5. CHANGES IN ENVIRONMENTAL MANAGEMENT PRACTICES
While TURA resources were not perceived to be the predominate source of ideas and information
on TUR and other environmental impacts of production processes, the TUR planning requirements
appear to have had substantial impact on how and why firms address environmental issues. The fact
that most firms prior to TURA were not undertaking TUR activities, but are currently doing so,
indicates a strong possible correlation between TURA and these activities. The general tendency of
the facility TURPs was to not attribute significant changes in their environmental management to
the TURA program, however, the program influenced why and to what extent firms would
undertake pollution prevention activities, particularly for toxics use reduction activities.
The most significant impact of the TURA program seems to be reflected in the relatively high
degree of awareness in different functional areas about the environmental implications of industrial
chemical use. Through required planning exercises, different functional groups in the facility were
asked to examine their operations from a toxics use reduction perspective that resulted in a high
degree of general chemical issue awareness. These efforts introduced a new vocabulary and
translated state environmental goals into discussions of chemical and production efficiency. TURA
provided a framework that unified environmental goals with production efficiency goals through
finding common ground: toxic chemical use.
Because the TURA planning methodology urged firms to undertake TUR planning with cross-
functional teams, the ideas and goals of TURA were widely disseminated throughout the firm. For
example, Kappa Company introduced pollution prevention planning into firm-wide, voluntary,
employee quality-improvement teams. The EHS manager provided training to team leaders in
approaches and methods for preventing pollution. In this case, the EHS manager refrained from
discussing the environmental goals in terms of "toxics use reduction" because of the political
sensitivities in the firm over the word "toxic" and general anti-regulatory feelings. Instead, the
manager promoted the goals of increased facility efficiency and cost savings. By incorporating
TURA objectives into cross-functional task teams, Kappa effectively brought environmental goals
out of the sole domain of the EHS office, and expanded awareness of the issue. The Kappa EHS
manager pointed out that after the addition of environmental objectives to the quality enhancement
team tasks, the teams spent nearly 50% of their time, for two years, on the environmental objectives.
TURA has, in several cases investigated, served to greatly expand and diffuse awareness and
attention on environmental issues.
Facility TURPs perceived the most significant changes to their environmental management practices
since they were regulated by TURA include:
* Increased prominence given to environmental issues in the production process, particularly
TUR.
e Growth of vendors promoting environmental benefits of technologies and a shift in pitching.
New capital equipment to EHS offices before other departments.
* Growing impetus for developing chemical tracking and environmental accounting procedures.
* Collecting data as a tool for managing environmental and operational optimization efforts.
* Legitimization and confirmation of importance of in-firm pollution prevention activities because
TURA was a law.
* TURA focused firm's staff and resources to examine processes for environmental improvements
beyond what they would have undertaken without the law.
IV. LEARNING EFFECTS OF TURA ON PRINTED WIRING BOARD
FIRMS
A. A MODEL OF ORGANIZATIONAL LEARNING
For firms to succeed in the market-place and regulatory arena, they need to be able to adapt
effectively to the constantly changing forces that impact their competitiveness, whether they are
changes in the global economy or emerging environmental regulations. An ability for a firm to learn
and develop systems to help manage these changes are paramount for economic and regulatory
survival.
It is imperative that firms have the capability to learn from past experiences in order to prosper.
Organizational learning and development theorists explain the imperative for remaining competitive
as a need for organizations to adapt to changing environments, draw lessons from past successes
and failures, detect and correct the errors of the past, anticipate and respond to impending threats,
conduct experiments, engage in continuing innovation, and build and realize images of a desirable
future. (Argyris and Schon 1996) Through successfully carrying out these tasks, firms engage in a
process of organizational learning. Through this learning, organizations can continuously see things
in new ways, gain new understandings, and produce new patterns of behavior. For firms to succeed,
they must be able to engage the whole organization in a process of internalizing the learning of
individuals within the firm.
Schon and Argyris provide a useful framework for understanding and analyzing organizational
learning. I have adapted their model of organizational learning to assist in analyzing the effects of
TURA from an organizational learning perspective. Based on characteristics of organizational
learning, as defined by Schon and Argyris, I created a set of criteria that I used to identify instances
of organizational learning in the printed wiring board industry.
A definition of organizational learning is needed. In the most simple form, Schon and Argyris define
organizational learning as "an organization's acquisition of understandings, know-how, techniques,
and practices of any kind and by whatever means."(Argyris and Schon 1996) This learning can act to
both improve or constrain an organization's ability to perform its tasks. Learning that serves to
improve the competence of an organization to carry out its tasks is consideredproductive organizational
learning. This learning can signify either a product (something learned) or the process that yields such a
product.
The fundamental process that contributes to learning is inquiry. Inquiry becomes "organizational
inquiry," according to Schon and Argyris, when members of an organization act in the interest of
benefiting the organization as a whole. An organization may be said to learn when its members learn
for it, carrying out - on the organization's behalf - a process of inquiry that results in a learning
product. For learning to be considered "organizational learning," the organization must serve as a
reservoir of the knowledge accumulated through inquiry processes. In addition, learning becomes
"organizational" when the knowledge attained is embedded in routines and practices "which may be
inspected and decoded even when the individuals who carry them out are unable to put them in
words." (Argyris and Schon 1996) Organizational learning will remain when the individuals who
gathered the knowledge depart the firm.
Schon and Argyris define productive organizational learning in its most advanced form in the
following terms:
OrganiZational learning occurs when individuals within an organiZation experience aproblematic
situation and inquire into it on the organization's behalf They experience a surprising mismatch
between expected and actual results of action and respond to that mismatch through aprocess of
thought andfurther action that leads them to modij their images of organization or their
understandings of organizationalphenomena and to restructure their activities so as to bring outcome
and expectations into line, thereby changing organiZational theory-in-use. In order to become
organiZational, the learning that resultsfrom organiZational inquir must become embedded in the
images of organiZation held in its member's minds and/ or in the epistemological arifacts (the
maps, memories, andprograms) embedded in the organiZational environment. (Atgyris and Schon
1996)
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Criteria for Identfing Instances of Organizational Learning
Based on Schon and Argyris's model of organizational learning, the following criteria emerge that
can be used to determine whether organizational learning has taken place, and if so, to what level of
sophistication.
1. A firm must engage in aprocess of organiZationalinquiy that results in the acquisition of
understanding, know-how, technique, and practices. This elementary learning can
consist of either learning "products," or "processes";
2. This elementary learning, in order to become productive (or instrumental) learning, must be
applied in ways that enhance the organizations abiky to carry out its tasks over time. These
improvements should be measurable;
3. The task improvements must be the result of identifabk actions that had improvement as its
objective;
4. There must be an agent that deliberate4 seeks to imp roveperformance and an intermediate process of
deliberate thought and action through which improvement is achieved;
5. There must be an experience of "surprise": the mismatch of outcome to expectation;
6. The knowledge gained through inquiry must be embedded in the organization's routines and
practices
7. Less advanced "single-loop" learning occurs when there is a shift in strategies of action or
assumptions underlying the actions, but does not change the underlying theory-in-use.
8. More advanced "double-loop" learning occurs when there is a shjft in the values ofthe theory-in-
use as well as in strategies and assumptions.
Using Schon and Argyris's model of organizational learning, this chapter explores how
facilities moved to implement TURA requirements, and analyzes several of these TUR
activities to identify instances of organizational learning. The model above emphasizes the
more advanced forms or organizational learning: single- and double-loop learning.
B. A CONTINUUM OF ORGANIZATIONAL LEARNING: FROM ROTE TO
ADVANCED LEARNING
A continuum of organizational learning exists. The continuum offers a framework to compare
different institutional arrangements and their promotion (or inhibition) of different types of
organizational learning.
Command and control institutional arrangements promote the simplest form of organizational
learning: rote learning. Through relying on static technology standards, firms underwent basic
processes of inquiry to install the specified technology. However, their learning was very basic,
reacting in a rote fashion by responding to narrowly prescribed stimuli in an equally narrow fashion
by installing the minimum technology standard. Command and control may inhibit more productive
learning.
Market-based institutional structures also promote only a basic form of learning. While these
mechanisms can work to generalize issues through addressing it in financial terms, they do not
change the theories and assumptions in which to understand the problem or the organizational
structure; changes required for advanced, double-loop learning. Market-based mechanisms do not
push organizations to engage in learning processes, but promote a narrow set of responses to limited
price signals.
Institutional policy approaches possibly create an environment for more advanced learning. Several
of the alternative policy approaches being explored by EPA focus on adaptive management,
feedback, altering underlying terms and structures for understanding problems, and challenging
participants to re-conceptualize existing assumptions, approaches and theories. These are several
characteristic activities necessary for single-and double-loop learning. By promoting these activities,
voluntary institutional policies may be well suited for promoting advanced types of organizational
inquiry and learning. However, because they are voluntary and lack enforcement powers, they are
unlikely to adequately bring about significant changes across industry sectors.
TURA, through its unique institutional structure and innovative approach, may begin to address
some of these learning impediments of previous policy structures and move policy towards
promoting the types of learning that are essential to successful organizational development and
innovation. The following sections interpret instances of simple and more advanced organizational
learning, and explore possible influence from the TURA program on these learning processes.
C. EXAMPLES OF SIMPLE LEARNING
This section discusses instances of a simple type of learning that can be characterized as a first order
effect of TURA on several printed wiring board facilities in Massachusetts. These effects are
generally manifested as identifying eco-efficient opportunities through the subsidization of
information collection. As measured against Schon and Argyris' model of organizational learning,
these examples would not be characterized as true single-loop or double-organizational learning, but
exhibit learning beyond rote learning.
Much of TURA's success has been explained by firms identifying and implementing discrete
production changes that result in chemical and cost savings, but this might not reflect fundamental
changes in the approaches or intentions for carrying out pollution prevention activities. Single-event
production changes do not reflect true organizational learning if it does not contribute to enhanced
long-term competence for environmental management. TURA has advanced its policy objectives by
providing a framework and tools to facilitate firms to undertake processes of inquiry that lead to
choosing eco-efficient options. TURA facilitated and subsidized the collection of information for
firms to carryout better planning to improve efficiency. These changes that result in cost savings and
chemical use and by-product reductions may not entail fundamental organizational learning, but
only ad-hoc, simple responses to obvious win-win situations.
1. CUPRIC CHLORIDE ETCHANT REGENERATION AT BETA CORPORATION
Beta Corporation implemented a significant toxics use reduction activity that saved them money,
reduced their environmental impact, and is typical of the types of TUR projects identified in firm
TUR plans. Yet, this type of activity fails to show promise for promoting significant organizational
development within the firm.
The TUR activity was the installation of a cupric chloride regeneration system to recycle inner-layer
etchant. The change has received considerable attention from the regulatory community as an
example of good TUR practice. For example, Beta's experience has been the subject of an
Environmental Protection Agency Design for Environment Case Study(EPA 1997), a Toxics Use
Reduction Institute Technical Report (TURI 1997f), a TURI Cleaner Technology Demonstration
Site, and recipient of a TURI Matching Grant.
The cupric chloride system is a divided-cell, simultaneous regeneration system that uses an
electrolytic technique to regenerate a cupric chloride etching solution while recovering the copper
from the solution. The cupric chloride replaces the traditional oxidation process that uses large
quantities of hydrogen peroxide and TURA-regulated hydrochloric acid. (TURI 1997d) The new
process also reduces the amount of spent cupric chloride etchant that requires treatment and
disposal.
Environmental benefits
Manufacturing PWBs requires removing (etching) copper plating to create the copper pattern
needed to produce the circuit Typical PWBs require the removal of 60-70% of the total copper
surface area. (TURI 1997f) This etched copper then remains in the solution used to etch the copper.
Regenerating the etch removes the suspended copper for reclamation, reduces the burden on the
wastewater treatment works, and reduces etchant chemical purchase. Using electrolytic regeneration
instead of chemical regeneration to recover the spent etchant at Beta Company reduced hydrogen
peroxide use by 50%, and reduced hydrochloric acid use by 90% while eliminating bulk hazardous
waste shipped off site for recycling. (ITUJRI 1997f) Because of this technology change, Beta
Company no longer has to report hydrochloric acid under TURA or federal regulations because the
quantity they now use is below threshold limits. (TURI 1997f) These changes reduced the potential
for chemical exposure for workers, and reduced the firm's potential liabilities associated with surface
transportation and off-site treatment and recycling.
Financial benefts
Installation of the cupric chloride regeneration system cost Beta Company approximately $110,000.
The payback period for this investment is anticipated to be less than two years and will be achieved
through reduced operating costs.(TURI 1997f) The operating costs used to determine the payback
period incorporated electricity costs, annual rebuilding of the anodes, the resale price of the copper,
chemical purchases, waste disposal, and regulatory reporting fees. The recovered copper can be sold
for up to 75% of the price of grade A copper.(TURI 1997f) The TURI Technical Report estimated
the annual cost of the older chemical regeneration process to be approximately $81,000, while the
new electrolytic regeneration process only cost $265 a year. (ITURI 1997f)
Implications of the technology change at Beta for organizational learning
The adoption of the cupric chloride regeneration system clearly resulted in an eco-efficient outcome:
both cost savings and environmental performance improvements were realized. In fact, the
technological change also enhanced the quality of the PWB product by producing higher
performance circuit design. While this change is widely considered a successful effort in toxics use
reduction, it reflects only limited organizational learning.
The impetus for adopting this technology change was not the result of a learning process focusing
on environmental performance improvements. According to interviews with personnel at Beta
Company, the move to adopt the new technology was pushed by the marketing and sales
department to increase sales. Since the technology produces higher-performance PWBs, the
marketing and sales department was responding to customer demands for the product. Since the
technology offered some improvements in environmental performance, the EHS manager
supported the adoption of the technology and worked with the process engineers to better
understand the environmental implications of the technology.
Through a strict application of Schon and Argyris's model of organizational learning, this TUR
project would not qualify as a manifestation of single-loop or double-loop organizational learning.
This can be established by applying several of Schon and Argyris's criteria for organizational learning
to the selection process of the cupric chloride regeneration technology. While the technology change
is effective pollution prevention, it does not contribute to a process of internalized and long-term
improvements in competence for environmental management.
While the environmental managers did gain knowledge through a process of organizational inquiry
on the financial and environmental implications of the electrolytic regeneration process, (Criterion
1.), and the knowledge became learning in that an agent (the EHS manager) deliberately applied the
knowledge through clear actions to select new technology that enhanced the firm's objectives of
minimizing pollution (Criteria 2., 3. and 4.), there was no mis-match of outcome to expectation (a
surprise), (Criterion 5.), and the knowledge gained did not become embedded in the firm's routines
and practices so that the improvements achieved could be replicated under different circumstances
by different individuals,(Criterion 6.).
The learning that took place would not qualify as single- or double-loop organizational learning
largely because the knowledge gained did not contribute to any embedded and systematic changes in
strategies for improving environmental performance throughout the organization. The change was a
one-time technology platform change that was initiated primarily for marketing and not
environmental reasons. True organizational single- or double-loop learning did not take place
because neither the firm's overall strategy for achieving pollution prevention nor its reasons
underlying those strategies were altered, (Criteria 6., and 7.).
Because there was not an element of surprise in the outcome of the adoption of the cupric chloride
regeneration technology, (the environmental and financial implications were accurately forecasted),
the firm did not have to go through a process of altering its pollution prevention strategies or
actions in a way that created new assumptions about how to better meet organizational objectives.
As outlined by Schon and Argyris, this is fundamental requirement for advanced organizational
learning.
However, as discussed above, there is a continuum of organizational learning levels that is not
captured by the strict interpretation of Schon and Argyris's model. The process of inquiry,
knowledge-building, and limited experimentation in this Beta Company case, is a form of learning.
Compared to rote learning promoted by command and control, this learning is more advanced and
closer on the continuum to single and double-loop learning.
2. GRAPHITE-BASED PROCESS FOR MAKING HOLES CONDUCTIVE AT ALPHA
COMPANY
Alpha Company recently undertook a capital investment project that, like the Beta Company case,
was promoted as a successful toxics use reduction activity. The project contributed to the goals of
the TURA program by reducing the quantity of a toxic chemical used, while simultaneously reducing
costs for the firm. The production process in this case is making drill holes in the PWB conductive
so that the different board layers can be interconnected. The most common process for making
holes conductive is electroplating using electroless copper and a thin layer of conductive metal.
Alpha Company switched one of three electroless copper deposition processes to a graphite-based
alternative. In the graphite-based process, graphite particles suspended in a liquid colloid are
dispersed onto the surface through a conveyor dipping process. The graphite serves as a conductive
pathway for electroplating. The boards are then dried and exposed to a short 170 degree Celsius
bake period to complete the process.
Enviromnmental benefits
The graphite-based process has significant environmental benefits. The new process eliminates the
use of the highly toxic, and TURA-regulated chemical, formaldehyde. This change enhances worker
safety, reduces the amount of wastewater generated, reduces the generation of copper and other
metal waste, reduces treatment chemical use, and reduces sludge disposal.
Financial Benefits
The environmental benefits realized by the graphite-based process were accompanied with direct
cost savings for Alpha Company. The reduced need for formaldehyde, wastewater treatment,
treatment chemicals, and hazardous waste disposal have all contributed to reducing costs over the
older, electroless copper process. Chemical costs associated with the older process at Alpha were
reduced by 50%. In addition, the graphite-based process is less time intensive and reduces the
amount of time needed for making the holes conductive. Maintenance, water, and electricity cost are
also reduced with the new process.
Implications of adopting the graphite-based technology at Apha for organiZational earning
The driving reason for adopting the graphite-based deposition technology was to reduce costs
associated with the more expensive electroless copper process. The environmental manager stated
that the most important criterion for selecting a replacement process was that it speed the
production time, and secondly, that it be more environmentally sound.
Similar to the adoption of the cupric chloride etch regeneration technology at Beta Company,
adoption of the graphite-based deposition technology satisfied few of the criteria to qualify as single-
or double-loop organizational learning, particularly in enhancing competence in environmental
management. The technology change did not reflect or usher-in a process of internalized change
that would better guide the firm to make additional improvements in environmental management.
The knowledge gained in the process of inquiry for enhancing operational efficiency was not
captured and embedded in any long-term practices and procedures. Should the environmental
managers leave the facility, any improvements in environmental management techniques and
strategies would be lost, reflecting a lack of advanced organizational learning.
In the broad continuum of learning, as in the Beta case, Alpha's limited learning was an
improvement over the command and control-precipitated rote learning. This slightly more advanced
form of learning might contribute to an incremental process of more advanced learning if the
knowledge gained can be embedded in future decision-making processes. If not, then the knowledge
will be under-utilized and not serve long-term management improvement goals.
D. EXAMPLES OF SECOND ORDER, ADVANCED ORGANIZATIONAL LEARNING
Several firms offer an interesting opportunity to explore more advanced forms of
organizational learning in the context of managing their facility's environmental impacts.
Examples of first order effects of TURA on firms were analyzed in the previous section.
These effects were primarily manifested through identification and implementation of
discrete, eco-efficient activities that resulted in the reduction of chemical use or by-
production generation and a reduction of costs. Additional investigation into changes in
environmental management practices reveals that there are instances in which firms
exhibited substantial organizational development as a result of their efforts to manage toxic
chemical use.
In these instances, firms have gone beyond implementing one-time, eco-efficient activities, and are
building competencies to manage their environmental impacts long-term. As Schon and Argyris
imply, organizational learning is manifested when existing knowledge, tools, and procedures are
applied to create new products or tools. In the cases discussed below, firms have taken their initial
work in toxics use reduction, and developed new environmental products and processes that
enhance their fundamental ability to manage their environmental impacts.
Using the criteria adapted from Schon and Argyris and outlined earlier in this chapter, I identified
instances in which firms have manifested advanced, productive organizational learning to improve
their environmental competence. I characterized this type of organizational learning as advanced,
double-loop learning. This was accomplished by taking aspects of earlier TURA activities and
developing them into new tools for environmental management, above and beyond what the Act
required.
1. BETA COMPANY: FROM MATERIALS ACCOUNTING TO THE DEVELOPMENT OF
AN EQUIPMENT PREVENTATIVE MAINTENANCE PROGRAM
Beta Company offers an interesting laboratory in which to explore Schon and Argyris's theory of
organizational development. The firm manifested significant pollution prevention gains through
their early TUR activities. As highlighted in the previous chapter, the firm had many opportunities
to address the eco-efficient "low hanging fruit" through applying established TUR methods. They
realized cost savings and reductions in the amount of toxic chemicals used and generated. However,
they may have gone beyond addressing only the low hanging fruit. Through applying knowledge and
tools acquired through early TUR implementation, the firm was able to create a new learning
product that reflected action beyond their requirements of the TURA program: a preventative
equipment program modeled after the firm's chemical-use tracking program.
A Brief History and Descnption of the Chemical-Use Tracking Program
In response to an Occupational Safety and Health Administration (OSHA) rule in 1985, (4 years
before TURA became law), Beta Company began developing a chemical labeling program that
would later grow into a full service, computer-based chemical tracking system. The environment,
health and safety office began experimenting with a process to build chemical safety awareness in
response to the OSHA Hazard Communication Program that sought to better communicate
chemical risks to employees. The OSHA program was primarily concerned with labeling chemical
containers and tanks to inform employees what chemicals were present in processes.
Before the labeling program, when a chemical was needed to be added to a process, a manual and
handwritten request-form was generated to specify what chemical was needed. This process often
led to mis-use of chemicals as communication problems arose and improper chemicals were added
in incorrect proportions to the wrong processes. For example, since a specified chemical was only
listed by an identification number and not a common name, inaccuracies due to mis-reading labels
were common. In response to these problems, the EHS department sought to develop computer-
generated chemical add slips that included common chemical names and accompanying tank or
process numbers to ensure that chemicals were being added properly.
As the Toxics Use Reduction Act loomed on the regulatory horizon, the manager of the EHS group
at Beta Company anticipated that the law would require firms to report their chemical use and by-
product generation. To accomplish this requirement, the manager realized that the facility would
have to develop new systems to track chemical use. At the time, computers were not in widespread
use at the facility, but the EHS manager realized that a computer-aided tracking system would be
needed. A data-base program was created in-house that tracked chemical add requests, chemical-use
volume, and dates of chemical changes. Data collection for analytical purposes was not a common
practice at this time in the firm.
With the new system, when technicians needed to request a chemical add, chemical makeup, dump,
or process change specification, they are required to input their request through a centralized
computer program. The program queries the technician to choose the requested action, e.g. add or
dump chemical request, then queries for the appropriate process and specific tank they wish to
modify. After the operator selects the proper line and tank, he or she is presented with a specific
selection of chemicals that may be added. Addslips can only be generated for chemicals that belong
in that tank - a process that eliminated potentially dangerous additions of improper chemicals. The
operator is required to input quantity, unit of measure and chemical number. The computer then
supplies the chemical name and part number. The operators then must verify that the add is correct.
At this point, the operator can either continue making slips or print out his or her request. The slip
is then used to initiate the chemical change. See Figures 4. and 5. for an illustration of the program
interface and chemical addslip form.
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3.
4.
5.
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10.
Create Addslip
View Entries
Create Makeup Slip
Create Dump Slip
Re-index Databases
View Dumpslips
Modify Parameters
Change System Date
Backup Data Bases
Exit
Figure 5. Chemical Add Form
Chemical Add Form #0001
Add 1.0 Gallon
Sulfuric Acid
To: Auto Pattern Plate Tank 55
The Copper Plate Tank
Issued By
Made By Made By I]
For Auto Pattern Plate
Part #664-3002-1
Time Made
Wear your chemical face shield, apron and gloves. Check the tank # and chemical part number.
Return this slip to the lab when you are completed. If there is no chemical in stock, notify your
supervisor and the lab.
Time and Date Issued: 08:26:21 04/06/98
Remember to always add the acid to the water
Additional Instructions:
The computerized tracking system allows Beta Company to monitor and track annual chemical use,
monitor changes in chemical use, and provide baseline data on chemical use. In addition, the
program allows for the quantification of costs associated with specific chemical uses and reductions.
The first year in use, the program revealed that the facility had reduced its costs of chemicals from
$750,000 to $250,000 as a result of several pollution prevention initiatives. (Anonymous 1998)
Development of the chemical tracking system provided Beta Company with a powerful tool to
analyze chemical-use in the facility and identify opportunities to reduce or eliminate certain
chemicals. For example, according to the EHS manager, analysis of the periodicity of certain bath
changes revealed that an alteration in product rinse cycles would reduce the volume of new chemical
adds by 25-30%.
The new system led to fundamental changes in the way chemical changes are determined and carried
out. With the new system, engineers now had to justify to the EHS group that changes in chemical
mixes were needed. Changes now were determined by objective performance criteria and not
calendar-based changes that did not reflect optimal efficiency. A goal of the system was to develop a
database that captured the historical use of chemicals and processes. This proved to be a valuable
tool in identifying opportunities for TUR and improving worker safety.
TURA did not explicitly require firms to develop chemical tracking systems, but the chemical-use
reporting requirement of the Act did necessitate firms to begin tracking their chemical-use. At Beta
Company, the firm sought to be proactive in terms of TURA and begin a system of tracking
chemical-use and by-product generation. The methodology of the Beta Company chemical tracking
system was developed by the EHS department with no methodological guidance from TURA.
A Discusion of the PM Program and Its Tie with the Chemical-Tracking Program
A preventative equipment maintenance program (PM) was recently developed by the EHS
department at Beta Company. The PM program was developed as a result of the success of the
chemical tracking program in reducing costs, increasing efficiency, and reducing process downtime.
The methodology used in the chemical tracking program was adapted for use in the PM system to
track, predict, and service manufacturing equipment. A major driver for developing a PM program
was the facility's interest in becoming certified as an ISO 9000 facility. While a PM program was not
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required for ISO certification, the PM program was a part of a larger program to reduce operating
costs and increase production capabilities.
The PM program, developed from the same methodology, strongly reflects the chemical tracking
program. As part of the program, each piece of equipment in the facility was broken out of its
process and given an individual identification number. In the facility, there are approximately 110
individual pieces of equipment. The PM program tracks service requests, (including who requested
them), what the service was, and what machine required it, and the outcome of the service request.
The program then allowed for a centralization and prioritization of the service requests, and
generated a substantial database that could be used to target problem equipment, inefficient service
strategies, and highlight opportunities and procedures for preventative maintenance. After a service
request is generated, a mechanic picks up the request, implements the service, and records the
amount of time necessary for the service, and any additional information when necessary. See
Figures 6. and.
Figure 6. Preventative Maintenance Program Computer Entry Menu
Beta Company
Preventative Maintenance
PM 101 Data Entry Service Req. Data Entry
PM 103 Data Entry View/Update PM Status
Calls per Mechanic Change Assignments
Reports Menu
Figure 7. PM Data Entry Form
Equipment Number
Equipment Name:
Work Order Number'
Requestor
Time Requested:
Date Requested:
Problem Reported:
Type of Service:
Date Responded:
Notes:
Part Used __ Follow-up Required -
Job Start Time:
Complete Time:
Date Completed:I
Mechanic Respon ' .
Priority of Call:
Status:
Downtime:
Follow-up Completed 
-
|Work Order Searc ate Ft
ment #Fil
how All Record
As with the chemical tracking system, the databases developed through the PM program provided
powerful analytical tools to improve production capabilities, track costs more effectively, and
identify cost saving. Significant quality gains have been met in both product and process, as chemical
baths are monitored for maximum performance, and machinery yield and productivity have been
improved. The PM program has been integrated into the facility's quality review program.
While the chemical tracking program was established largely in response to TURA, the PM program
was not initially developed for any environmental objectives, and TURA methodology did not
suggest development of a PM program. The drivers for developing the PM program were increased
process optimization and enhanced production efficiency. Along with the chemical tracking
program, the PM program became integrated into facility-wide efficiency efforts seeking to reduce
costs.
However, implementation of the PM program has played an important role in improving the firm's
environmental performance. Environmental benefits are realized because the machinery is operating
as close to specification as possible, which leads to better control and use of chemicals, more
efficient utilization of resources, and reduced possibility of accidental spills, malfunctions, and
chemical spoilage. For example, properly operating equipment ensures proper temperatures in
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chemical bath processes that is a critical factor in determining chemical efficiency. As well, if the
processes are operating correctly, they do not have to be repeated, as is often the case if the first
pass through the process did not yield the desired results. While the PM program did not initially
have any environmental or pollution prevention objectives, the managers have realized that process
optimization is a key component in pollution prevention.
As improved environmental management through enhanced PM was realized, the EHS department
was able to change equipment specifications in some processes solely for environmental objectives
when the product quality was not compromised. For example, in a pumice slurry line, a filtering
device was added to the process and a pump redesigned to reduce waste drag out that resulted in
reduced wastewater treatment needs.
Example Of A PM Activity Contributing To Improved Environmental Management
The manufacture of printed wiring boards requires extensive use of conveyorized processes. A
conveyor process carries product through a series of different processes, commonly involving
chemical baths for etching, followed by several baths for cleansing, etching, and cleansing again. The
process requires baths of chemical placed sequentially next to each other, and their chemical
composition must remain largely uncontaminated by the chemical mix preceding it. To prevent
spillage from one bath to another, pinch rollers are used. If pinch roller get caught up, chemicals
spill into the rinse baths and render them ineffective. When this happens, additional chemicals are
needed, chemicals are wasted, workers are exposed to additional toxics, wastewater treatment needs
are increased, and costs incurred. A preventative PM program can detect and service the rollers
before they malfunction, thus improving the environmental performance of the machines.
The chemical tracking and PM programs are expected by facility managers to play critical roles in
maintaining optimized operations by institutionalizing procedures and processes that require
enhanced efficiency, reduced waste, and increased savings. As the manager of EHS said, referring to
easily attainable efficiency gains, "low hanging fruit always grows back."(Anonymous 1998) These
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systems seek to maintain operator's focus on optimizing procedures. As people change jobs,
departments get restructured and new technologies are incorporated, the chemical tracking system
and PM programs are essential for reducing learning-curve effects.
Realizing the effectiveness of the tracking programs, Beta Company intends to soon apply the
methodology developed for chemical tracking, and honed in preventative maintenance, to water
conservation efforts. The EHS manager sees infinite opportunities to reap more efficiency gains,
and therefore substantial environmental improvements in the manufacturing process through
applying the tracking approaches to every functional area in the facility. His major constraint is
limited personnel to address the issue, and a lack of willingness from other functional area to take on
additional responsibilities.
Is This More Advanced OrganiZational Learning?
Beta Company has gone beyond the minimum requirements of the TURA regulations. They not
only prepared their TUR plan, reported on their chemical use, and paid their fees, but they also took
the tools and approaches promoted by TURA and applied them in new ways that resulted in
additional improvements in environmental performance. Is this advanced organizational learning?
Using the Schon and Argyris model of organizational leaming, I analyze the utilization of a chemical
and maintenance tracking system to test Beta Company's ability to engage in organizational learning.
Applying the criteria for organizational learning, I intend to show that double-loop, instrumental
learning took place.
1. Organizational Inquiry:
Faced with impending state regulatory demands to report on chemical use, the EHS department
at Beta Company clearly engaged in a process of inquiry to obtain the knowledge needed to
develop an adequate system of tracking chemical use. Multi-functional brainstorming sessions
were held in the facility to develop the most effective methodology. The result was an effective
product (a computer data-base, and automated chemical modification forms), and process (a
comprehensive series of steps for implementing the program).
2. Improved Competence:
The products and processes developed in both the chemical and PM tracking programs served
to improve the firm's ability to monitor its manufacturing operations resulting in substantial
reductions in chemical use, improved product quality, and augmented cost savings. As well, the
firm's ability to quantify the environmental cost savings, reduce worker exposure to chemicals,
and improve equipment optimization all contribute to gains in environmental management
competence. The improvements made are measurable in units of cost savings, volume of
chemicals reduced, improved yield, and percentage of time equipment is down. The processes
have been institutionalized and recorded, ensuring that the gains can be realized in the long
term.
3. Identifiable Actions and Improvement Objectives:
The Beta Company EHS department has responsibility for both EHS and equipment
maintenance functions. As a result of corporate downsizing, the two functions were merged into
the same office. The department exhibited deliberate actions to improve their chemical and
environmental management systems. Different teams were set up at different times to develop
methodologies and procedures that would help them meet their goals of better understanding
chemical use patterns, costs of chemical, maintenance needs, and opportunities to improve
equipment optimization. Deliberate actions were taken to design a computer program that
would capture the chemical and maintenance data needed to build proactive management
programs. Training classes were held to disseminate the new procedures and objectives.
Deliberate actions were taken for deliberate improvement objectives.
4. Agents and Deliberate Action
The inquiry, action, and improved competence in the chemical and maintenance programs were
the result of several individual agents acting on-behalf of the firm. Their individual objectives
and actions were deliberately intended to benefit the organization's operations, and were
therefore acting on-behalf of the firm. To carry out their organizational-oriented objectives, the
managers developed deliberate processes of inquiry, fact-finding, options assessment, and
problem-solving that sought to improve manufacturing and management capabilities.
5. Element of Surprise
Schon and Argyris emphasis the importance of surprise (the mismatch of outcome to
expectations) as an essential component in the process by which people can come to "see, think,
and act in new ways."(Argyris and Schon 1996) When Beta Company set out to develop a
chemical tracking system, they did not know exactly what the outcome would be. They did not
know precisely that the program would result in improved operational performance, reduced
toxics use, saved money, or improved worker safety. The EHS group had never used a computer
for management purposes, nor had they ever written program for a computer. Every procedure
and method was un-tested and un-proven. The EHS group was un-certain of the reception the
program would receive from the equipment operators, accounting department, and other
functional groups.
The outcomes provided many instances of surprise. Manager's originally had the expectation of
developing a chemical tracking program to meet the reporting requirements of an impending
TURA program, and to better communicate chemical hazards. It was originally conceived as an
accounting procedure. The unexpected "surprise" was that the data collected, and analytical
functions of the computer proved to be very strong tools for advancing other objectives that
were universally acceptable to the firm: improved cost accounting for better decision-making,
improved efficiency-gains from improving chemical performance, reduced waste from process
optimization, and significant improvement in environmental performance. The accounting
department came to embrace the chemical tracking program for providing them a much more
accurate picture of spending trends and needs.
The agents developing and implementing the preventative maintenance program also
experienced significant "surprises" that were not originally part of the objectives. The
improvements of the overall environmental performance of the facility was an unintended
consequence. The efficiency gains brought by the PM and chemical tracking programs grew to
form a more comprehensive optimization program. This is a shift beyond the initial goals of
meeting state regulatory reporting requirements, and streamlining equipment repair procedures.
The action and inquiry in this case can be considered "organizational" because the action and
inquiry resulted in rule-governed methods of deciding, delegating, and setting the boundaries of
membership. According to Schon and Argyris, this "collectivity" leads to an organization
capable of acting. (Argyris and Schon 1996)
6. Embedded Knowledge and Institutional Routines and Practices
The knowledge gained through Beta Company's processes of inquiry in developing the tracking
programs has been firmly embedded in the organization's routines and practices. Objectives in
the initial inquiry were to ensure that the programs developed would be standardized and
institutionalized. The processes were designed to be easily implemented by workers who did not
necessarily know the full intention or purpose of the programs. This is a case, as described by
Schon and Argyris, where the process "may be inspected and decoded even when the individuals
who carry them out are unable to put them in words."(Argyris and Schon 1996)
The chemical tracking and equipment maintenance systems have been embedded in a computer
program that is available to all workers. The program allows for non-computer sophisticated
workers to operate the program that is menu-driven. The procedures for both programs have
been codified in several official standard operating procedure manuals. The EHS manager has
indicated that he is quite confident that the two programs will continue after his departure from
the firm, as they have become quite essential to facility operation. The procedures have become
embedded in the organizational environment.
7. Double-Loop Learning
In order to be considered advanced, double-loop learning, an organization must manifest a shift
in strategies and assumptions to reach an objective as well as a shift in the values of the theory-
in-use that forms the underlying reasons for employing those strategies. The set of rules and
procedures established in the chemical and maintenance programs are the "strategies" and
"theories in action" employed to reach the program's objectives. The reasons for and values held
for carrying out the programs are the "theories-in-use," or the firm's mental model. The case of
the chemical and preventative maintenance program offer interesting examples of double-loop
learning where both the strategies (the theory in action) and the reason and values (the theory-
in-use) have changed over time.
The earliest objective of the chemical tracking program was to meet the reporting requirements
of the impending TURA program. The program sought to monitor chemical use volume to
develop figures on total annual volumes of a limited number of chemicals specified by the
TURA legislation. The theory-in-use was basically a compliance-oriented belief centered on the
idea the firm would meet only its legal requirement of the new law. The initial knowledge and
strategies developed to meet the reporting requirements of TURA were limited to recording all
chemical add requests and tallying the total to determine annual usage volumes. The theory-in-
use was reactionary and geared towards achieving better accounting procedures.
The original equipment maintenance program was repair-oriented, focusing on getting failed
machinery back on-line. The theory in action were strategies to "oil the squeaky wheel," and
apply maintenance on an ad-hoc basis. With the development and maturation of the
computerized chemical tracking program and the subsequent rise of the preventative equipment
maintenance program, came fundamental shifts in both the underlying reasons for carrying out
the programs and the strategies applied to carryout the new objectives. With the impetus of the
TURA program to reduce chemical use and the subsequent collection of large amount of
historical and process-specific data for chemical and equipment use, came the realization that
that these programs could be expanded and applied for additional, unanticipated goals: increased
operating efficiency, enhanced productive optimization, proactive management, and cost
savings. There also occurred an additional outcome: the confluence of approaches, objectives,
and results of the PM and chemical tracking program to improve environmental performance
and reach new levels of productive efficiency. The shifts from reactionary and precautionary rote
approaches for chemical and equipment management to proactive, preventative, and learning
strategies manifest shifts in fundamental values and theories-in-use. The accompanying changes
in procedures and strategies effectively to reach the new objectives embody changes of theory-
in-action. This double-loop learning refers to the two feedback loops that connect the observed
effects of action with strategies and values served by those strategies.
2. KAPPA COMPANY: INCORPORATION OF TUR INTO ACCOUNTING PRINCIPLES
TURA legislation requires that every facility toxics use reduction plan be reviewed and certified by a
state-licensed general or limited practice Toxics Use Reduction Planner (TURP). The TURP must
undergo at least 30 hours of formal training in TUR techniques and pass a uniform certification
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examination, or be "grandfathered" into being a TURP if the manager has at least two years
experience in a position within the facility implementing pollution prevention activities. The Toxics
Use Reduction Institute provides TURP training courses to prepare managers for certification.
As spelled out in the original legislation, the TURP training program implemented by TURI is
... designed to train toxics use reduction planners to be quakfed to assist toxics users in the
development and implementation of currnt toxics use reduction techniques and shall be designed to
train toxics use reduction planners to be quafled to prepare, review, and approve toxics use
reduction plans established in section eleven of this [regulation].(M.G.L.c.211 1989)
In all five facilities involved in this research, the primary TURP for preparing and certifying
the facility TUR plan was assigned to the EHS functional group. This is not surprising, as
most environmental regulatory functions fall within this department. In the two firms I
researched that did not have dedicated EHS departments, the EHS functions were part of
the general facilities management office.
My inquiry into environmental management practices revealed an interesting development
concerning TURP certification at Kappa Company that merits additional analysis. My
research revealed that for the firms I interviewed, there was primarily only one certified
TLJRP who coordinated the facility TURP program. For smaller firms, it was most common
for the facility to have only one TURP. In the larger firms, there were often several certified
TURPs, and in all cases except one, the TURPs were personnel from the EHS functional
groups. At Kappa Company, a divisional finance control officer from the Division Financial
Planning Office became certified as a Toxics Use Reduction Planner. The developments
arising from the certification of a financial officer offer another opportunity to analyze an
example of organizational learning.
At the suggestion of a vice president and corporate financial controller, a divisional financial
control officer enrolled in the Toxics Use Reduction Institute's TURP training program. The
goal of having a finance control staff member become certified as a TURP was primarily to
learn about the cost saving aspects of the TURA program. Because TURA was being
promoted by state regulators as a cost-saving regulatory program, the financial planning
office sought to learn more about the financial implications of TUR activities and learn how
to best capitalize on these potential savings.
The outcome of the finance officer's involvement in the TURA program is the focus of this
analysis. Why did a finance officer become certified when it was not required? What impact
did his participation have on environmental management within the firm? Did his actions
contribute to organizational development and learning? These questions are addressed in this
case.
Financial controllers at Kappa Company are primarily responsible for preparing the financial
plans and financial forecasts for the different divisional operations. The Financial Planning
Office prepares the divisional finance plans for submission to the Corporate Finance Office
for review and action. The primary reason for the financial control officer to become
certified was to learn of the financial implication of toxics use reduction within the firm.
Specific goals for the finance officer were not set for his participation in the TURP training
program.
The primary effects of the finance officer's involvement in the TURA program centered on
the utilization of environmental accounting as a financial and managerial accounting tool for
external and internal business decision-making. Corporate environmental accounting
practices serve to identify the private costs incurred from environmental issues that directly
impact a company's bottom line.(EPA 1995)
In accounting parlance, Kappa Company's environmental accounting practices can be
characterized as "management accounting." Management accounting is the process of
identifying, collecting, and analyzing environmental cost information principally for internal,
forward-looking management purposes. Management accounting can involve data on costs,
production levels, inventory and backlog, and other aspects of a business.(EPA 1995)
Costs associated with managing environmental issues can be found in the wide array of
business cost categories including:
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" Direct material and labor
" Manufacturing or factory overhead (i.e., operating costs other than direct materials
and labor)
* Sales
e General and administrative (Q&A) overhead, and
* Research and Development (R&D)
As a result of the financial control officer's involvement in TURA, two specific accounting
practice changes were implemented that focused on environmental cost allocation and capital
budgeting.
Cost allocation is the process of assigning costs to specific actions and processes. This often
entails disaggregating some environmental costs out of overhead, (the costs that are not
wholly attributed to a single process, system, product, or facility), and allocating those
environmental costs to the appropriate accounts.(EPA 1995)
The financial controller TURP altered the facility's cost accounting system to allow division
managers to break down their general overhead environmental costs into several specific
cost centers, each reflecting a specific manufacturing process or product. Previously, a
division's environmental costs were lumped together in one budget item and did not reflect
the costs of individual products and processes. The accounting system changes were
captured in division accounting guidelines and methodologies.
The other accounting change implemented as a result of the finance officer's involvement as
a TURP focused on capital budgeting. The TURP restructured the procedures governing
capital package requests. A capital package request is a divisional budget submission to
corporate headquarters for planned capital investments. Capital budgeting typically entails
comparing predicted costs and revenue streams of current operations and alternative
investment projects against financial benchmarks in light of the costs of capital to a
firm.(EPA 1995) and (White and Becker 1992)
The primary change in the capital request rules was the addition of a line item in the on-line
request application that allows for managers to account for the cost savings realized to a
project from pollution prevention and TUR activities. The additional line-item created a
standardization for reporting accrued savings in a consistent and comparable manner.
Previously, there was no way to systematically capture the cost savings resulting from
pollution prevention activities, as they were calculated on an ad-hoc project basis and not
tabulated across the firm. With the new procedure for clearly recording cost savings from
capital investment projects, financial control departments could then add new criteria for
granting the capital requests based on the potential for pollution prevention achievements.
Is this Advanced OrganiZational Learning?
Using the criteria adapted from Schon and Argyris's model as a filter to analyze Kappa
Company's experience with environmental accounting, evidence of advanced organizational
learning emerges.
1. Organizational Inquiry:
A clear manifestation of Kappa Company's deliberate process of inquiry was the financial
control officer's participation in the TURI certification course for Toxics Use Reduction
Planners. The objective was to acquire knowledge of the financial implications of doing toxics
use reduction planning in the facility. This was one of several inquiry processes initiated to
obtain new ideas and approaches to further objectives benefiting the entire facility. Building on
his new knowledge base, the planner then set a course of additional inquiry to develop a better
system of accounting for the facility's environmental costs. Because the planner's inquiry was on
behalf of the firm, his participation can qualify as "organizational" inquiry.
2. Improved Competence:
The simple learning by acquisition of knowledge in toxics use reduction and cost accounting
became instrumental learning when the financial control officer effectively developed systems to
allocate more precisely the costs associated with environmental services, and systematized the
accounting of cost savings in the capital request process. The planner's knowledge was applied
to develop a new way of understanding the costs associated with production, and better
illuminating the benefits of pollution prevention components in new capital projects. These two
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applications significantly improved the firm's ability to manage its environmental performance.
When environmental costs were attached to specific products and processes, and EHS began to
charge the users of environmental services (i.e. wastewater treatment, hazardous waste disposal,
and solid waste handling), significant efforts were made by the users to reduce their need for
those services. In addition, with greater emphasis put on capital improvement projects that had
greater pollution prevention cost savings, projects that had a heavy pollution prevention
component would be favored over those that did not. These are improvements in the firm's
ability to manage its environmental impacts; improvements that are measurable in metrics of
dollars saved, units reduced, yield increased, and volumes reduced.
It is interesting to note that the EHS manager at Kappa Company expects the focus of his
group's work in the near future to be on worker safety issues, not environmental. He attributes
this shift away from traditional environmental issues to major improvements in the firm's ability
to manage their environmental risks.
3. Identifiable Actions and Improvement Objectives:
As discussed above, the improvements in Kappa Company's ability to account for and
allocate the firm's environmental costs and quantify benefits from cost reductions were
the result of deliberate actions to improve their environmental management competence.
Participation in TURI coursework, and the application of the new knowledge towards
developing new accounting and capital request procedures reflect a course of action with
the intent to improve environmental management.
4. Agents and Deliberate Action:
To achieve organizational goals, the financial control officer acted as an agent to bring
about changes in organizational processes. His enrollment in the TURP course was not
intended to augment his personal knowledge of toxics use reduction techniques, but was
intended to better serve the facility as a whole. Through instating facility-wide
procedures and practices, the planner achieved organization-wide improvements.
5. Element of Surprise:
How the planner intended to apply the new knowledge obtained through his TURP
inquiry was unknown to him at the time of his enrollment in the TURA class. While he
was driven by broad institutional improvement goals, the specific goals and strategies
were not clearly articulated. The accounting work began as financial accounting to
facilitate TURA reporting requirements. As methodologies and strategies developed, the
financial accounting proved to be a valuable tool for management accounting that could
be applied for internal planning and directing management attention. This is a
significant, and possibly unexpected result of the original TURP certification effort. The
accounting procedures matured from a regulatory-driven requirement to a strategic
planning tool to improve production efficiency and competitive advantage.
6. Embedded Knowledge and Institutional Routines and Practices:
The knowledge gained through the financial officer's involvement with TURA has been
firmly embedded in the firm's routines and practices. The financial TURP rewrote the
official rules and regulations governing capital package request that all division managers
must adhere to. Also, the cost allocation practices were routinized through the creation
of new accounting procedures and a restructuring of the on-line accounting software to
capture TUR benefits. The computer program is designed to help people unfamiliar with
environmental cost accounting procedures account for pollution prevention cost savings
even if they are unaware of the purpose for capturing this information.
7. Advanced Double-Loop Organizational Learning:
There was a significant shift in strategies of action from initial efforts to dofinandal
accounting to identify the total cost of environmental impacts in production processes,
to the use of per-product and per-process environmental cost metrics for allocating costs
to focus production manager's action. The shift in strategies culminated when EHS
began to internally charge users of environmental services on a per use basis, rather than
pooling all facility EHS costs as overhead. The feedback loop modifying the change in
strategies to better serve efficiency improvement activities reflects the first step in
double-loop learning.
More fundamental, however, may be the shift in the values that drive the changes in
strategies and actions. The change in the values is the shift from having the firm be
driven to address the accounting implications of environmental issues solely for
reporting reasons, to the belief that environmental cost accounting can be a powerful
tool for improving facility-wide efficiency and a tool for use by production managers to
realign work plans. More specifically, a value change occurred that changed production
manager's perception of waste treatment costs as sunk costs, to management tools that
allow them to better manage their products and processes to achieve efficiency gains.
Kappa Company was able to apply its acquired knowledge in environmental accounting
to create new environmental products, (i.e., metrics, accounting methods, and cost
allocation principals), that reflected a new value system for managing their
environmental impacts: from managing for regulatory avoidance, to managing for
competitive advantage.
E. ROLE OF TURA IN INFLUENCING ORGANIZATIONAL LEARNING
What roles did TURA play in influencing firm's decisions to implement the production changes
outlined in the previous sections? As discussed in Chapter II., research indicates that there is a
correlation and possible a causality between the TURA program and the state-wide reduction in
toxic chemical use and generation. (See Chapter II., Section 3. a.) The program evaluations suggest
that there was significant implementation of toxics use reduction activities above what would have
occurred if the TURA requirements were not in effect. This finding is based on extensive interviews
of firm TUR planners and an examination of the Form S data.
This section examines the linkages of the TURA program with the specific production changes in
the cases discusses above. From this analysis, I intend to show how TURA impacted different steps
in the learning processes exhibited by the PWB firms I investigated.
Generally, firm TUR practitioners were reluctant to attribute much of their work in carrying out
TUR activities to the state TURA program. In fact, several firms clearly stated that TURA has had
very minimal impact on the way they handle environmental issues in production decisions. Instead,
several indicated that the TURA program has outlived its purpose as firms begin to believe they
have exploited most TUR opportunities. However, as discussed below, I believe that the TURA
program exerted far greater influence on their activities then they are able to attribute.
Planning requirements
In the small sample I investigated, the most significant source of influence from the TURA program
is tied to the planning requirements of the Act. The TUR planning requirements proved a valuable
tool to influence firm-level behavior for addressing pollution prevention.
One of the primary effects TURA had on environmental management practice was tofocus attention
by firm managers on the use of toxic chemicals in their industrial processes. Promulgation of the Act
served to force both public and private attention on the environmental and financial implications of
using and generating toxic chemicals. For firms such as Kappa Company that were already engaged
in significant pollution prevention activities before TURA, the Act provided them with new and
expanded goals. The TURA approach embodied in the firm's TUR plan, requires expanded
pollution prevention activities that seek gains in cost savings, product improvement, and efficiency
enhancements
The planning requirements served to focus attention on reducing toxics in the cases of the cupric
chloride etchant regeneration change at Beta, and the graphite-based metalization process change at
Alpha Company. In both of these cases, the driving reason for making the technology-platform
changes were to improve product performance and reduce costs by reducing the number of process
steps required. The primary reasons for implementing these changes was not environmental.
However, because the planning requirements heightened the awareness and expanded the goals of
managers, the use of toxics was added to the list of criteria to determine the suitability of the new
technologies for the firm's operations. With a new focus on reducing the use and generation of toxic
chemicals in their operations, managers I interviewed indicated that once the decision to change
technologies was made, they would then seek out the design that would both minimize chemical use
and improve efficiency.
In Delta Company, the planning requirements served as an organizational motivator to seek out
additional opportunities for making eco-efficient gains. The manager at Delta indicated that without
the TURA planning requirement, his firm would not have examined as closely as they did
opportunities to reduce toxics. The TURA planning requirements provided for the establishment of
voluntary TUR facility goals (both broad, and specific). These new goals served to motivate the
managers responsible for the TUR plan to act on them. One manager remarked that, however
broad, newly established TUR goals served to prod action to meet those goals, because inaction
could negatively impact his job review and satisfaction. As many of the managers responsible for
TUR are task- and results-oriented engineering professionals, the challenge of reaching those goals
and objectives proved to be an effective driver of action.
An important effect of the TURA planning requirements was the emphasis the planning guidelines
put on cross-functional participation in the planning process. The requirement that firms utilize
team-based approaches to planning, (that required the inclusion of people from many different
functional areas), resulted in expanding the scope of who partiipates in pollution prevention planning. In the
case of the environmental accounting efforts at Kappa Company, the planning requirements
encouraged the inclusion of people other than the EHS staff to participate in the planning efforts.
As a result, the finance control officer participated in the TUR planning courses at TURI and was
challenged to develop new approaches to better account for the firm's environmental costs. Without
the emphasis on multi-functional representation and the financial implications of TUR, Kappa
Company indicated the finance officer would not have participated in TUR planning.
TURA Methodology
TURA also effected environmental practices through providing specific methodologies and
approaches to carryout toxics use reduction. Not only did the planning requirement ensure captive
attention of environmental managers, it also ensured that a specific methodology was introduced for
consideration. While the TURA program allows for complete discretion how firms implement TUR,
the program provides extensive planning guidance and methodologies that orient manager's
attention to an eco-efficiency framework. Many manager's indicated that one of the largest impacts
TURA has had on their environmental management is the diffusion of firm-wide recognition of the
positive financial implications of carrying out pollution prevention activities.
While TURA provided no specific methodology to Beta Company for developing its chemical
tracking program, the EHS manager was aware that the TURA program was going to require that
firm's report on their chemical use as a central pillar of the TURA approach. Beta Company
allocated resources to develop a prototype system to ensure the firm would be able to meet the
expectations of TURA. By articulating an approach to focus firm's strategy development, TURA
was able influence the methodologies and perspectives adopted.
In the case of the technology changes at Alpha and Beta Companies, TURA provided a framework
for calculating the unit costs of using toxic chemicals that allowed them to calculate the different
cost structures of competing replacement technologies. This provided a consistent approach used by
all the firms I investigated, ensuring that firm's were addressing the same issues as the TURA
program was promoting.
Different from command and control technology specifications and performance standards, the
TURA approach promotes firms to experiment with evolving strategies to implement their plans.
Built into the TURA program is an emphasis on innovation by firms to find new ways to address
their particular problems. The Act recognizes that individual firms are best suited to develop actions
and strategies for their individual circumstances. Different from tradable permits, pollution taxes,
and user fees that seek to shift costs and pollution reduction activities to those who can most
efficiently reduce pollution, the TURA approach expands the influence of market mechanisms to
promote eco-efficient, and innovative technology choices to all firms.
By introducing information and constantly focusing attention on the TUR issue, the TURA program
effectively changed the content of discussions pertaining to production decisions for several managers
interviewed. Prior to TURA, discussions concerning environmental impacts of production changes
focused on how the change would effect the waste streams and their associated treatment and
disposal processes. With the introduction of TURA, the discussions were broadened to include
questions about how changes in production might offer opportunities to reduce the amount and mix
of chemical input while simultaneously improving process efficiency.
TURA information resources
One of the premises of the Toxics Use Reduction Act was that firms would have to learn how to do
toxics use reduction planning and implementation. Realizing that to be the case, the Act established
a wide network of information and supporting resources to assist businesses prepare TUR plans,
analyze their manufacturing systems, apply toxics metrics, and identify opportunities to apply TUR
techniques. As outlined in Chapter II., the fees generated by participation in the TURA program
were allocated to pay for these information and technical assistance resources.
During interviews, the majority of managers perceived they utilized TURA information sources
minimally. However, all managers I interviewed had participated fully or partly in the toxics use
reduction planner certification course at the Toxics Use Reduction Institute. It is at these training
classes that managers are exposed to TUR techniques and learn about the different approaches
available to them. I believe these courses exerted significant influence on firm's decisions to carry
out TUR activities. Managers all spoke in similar terms about their TUR work, shared similar goals,
and sought assistance from similar TURA and non-TURA sources for information. Because of this,
I believe the TURP course-work, and the 30 hours of required refresher classes bi-annually, are a key
source of influence in the cases I examined.
For example, it was in the TURP training session that the Kappa Company's finance control officer
leamed of the environmental accounting techniques and opportunities to support TUR planning.
From the course, grew a series of institutionalized changes in the way environmental management is
handled, and how environmental services are allocated to different divisions. Personnel at Kappa
unequivocally attribute the accounting changes that took place to the control officer's participation
in the TURP class. The process that resulted in the advanced learning experience at Kappa
Company had its genesis in the TURP classes.
While little attribution was given to TURA resources other than the TURP classes and the Office of
Technical Assistance for influencing firm behavior, such as, the myriad of conferences, workshops,
technology demonstration sites, etc., most managers were aware of these resources and seem to have
participated in several of them. For instance, nearly all managers interviewed actively read the TURA
Newsletter. This indicates that while managers do not believe they actively draw from TURA
resources, they are regularly exposed to the ideas, goals, and strategies of the program. TURA
objectives seem widely diffused throughout the EHS departments of the printed wiring board
industry.
The effects of TURA on the cases of organizational learning have been manifested at many different
stages in the TUR experience, ranging from project initiation to project expansion. TURA played a
critical catalytic role in Beta Company's decision to develop a computer-based chemical tracking
program. It is entirely possible that if chemical tracking requirements of TURA were not looming,
the firm would not have developed the system. Also, the TURP training course figured prominently
in Kappa's initiation of their environmental accounting work. The environmental accounting
methods learned in the TURP course also influenced the project formulation of the accounting
system and capital request procedures at Kappa. The analysis of the costs of toxics that led to
selection of graphite-based metalization at Alpha Company was likely influenced by the TURA
requirement that firms undertake this type of analysis. These are instances were TURA may have
influenced the structure of analysis and development of firm project objectives.
In the Beta case where the chemical tracking program was expanded and modified to create a
preventative maintenance program, TURA's influence was less direct, but no less influential. The
success of the chemical tracking program, which was instigated in response to TURA, led to
experimentation and processes of innovation and learning to develop the PM program. Therefore,
the preventative maintenance program's genesis may be traced back to TURA.
V. CONCLUSIONS AND RECOMMENDATIONS
A. ROLE OF TURA IN INFLUENCING LEARNING SYSTEMS
The Massachusetts Toxics Use Reduction Act is, by several measures, a different institutional
arrangement from traditional environmental approaches. The Act has also been able to bring
significant progress in achieving the state's twin goals of reduced toxic chemical risk and enhanced
business competitiveness. The evidence clearly supports that the total quantity of toxics, both used
and generated as by-product, has been reduced in Massachusetts, and that the costs of achieving
those reductions were more than off-set by the savings that accrued to industry.
The reason for this success lies predominately in the TURA program's ability to facilitate the
illumination of opportunities within manufacturer's existing systems to improve operational
efficiency. TURA did this by providing a mix of required self-assessment measures, complemented
with a wide variety of information and knowledge resources to assist firms identify, plan, and
implement TUR opportunities. An unstated, but core assumption of this approach is that the
regulated community is not operating under optimal efficiency, and that firms do not have the full
ability to optimize. This suggests that policy mechanisms might have an opportunity to advance
environmental goals through redressing this learning short-coming.
TURA precisely redresses firm's inability to optimize their operations. Both command and control
and market-based mechanisms largely ignore firm's relative ability to optimize and learn. Command
and control approaches simply mandate the specific technology changes required and abrogate the
need to address individual firm capabilities. Market-based mechanisms, which utilize price signals to
influence behavior, only effect firms who are capable of responding to optimization opportunities.
Firms that, for whatever reasons, can not efficiently respond to market forces will not be impacted
by the policy. TURA forces firms to "look under the rug" for efficiency gains that previously went
un-noticed, while simultaneously nurturing and subsidizing firm's information gathering and inquiry
processes.
Previous policy failures to address individual firm capabilities, create an immense opportunity for
government policy-makers to reorient environmental policy away from approaches that neglect
firm's ability to learn, and focus on institutional arrangements that capitalize on the inherent
differences in firm's capabilities and circumstances so as to promote organizational learning. TURA
effectively capitalized on this opportunity with their mix of mild command and control, price
clarifications, and adaptive management structures to prod them into undertaking eco-efficient
production changes. The cases of advanced learning by Beta and Kappa Company reveal the
efficacy of policy providing basic tools and drivers for firms to meet their minimum statutory
requirements, which under certain circumstances, can then be further developed to produce
additional tools and approaches that improve firm's environmental management competence.
A key component of the TURA approach was the provision of a complex and diffuse suite of
services and information resources that provided necessary information to those firms who needed
technical and policy assistance. This network, including the important TURP training courses,
provided for a high profile vehicle for keeping the Act's goals and approaches in currency and high
on manager's agendas. The diversity of resources facilitated access by the equally diverse sets of
organizations. The network offered "something for everyone" and increased the possibility that
firm's would be exposed to TURA methodologies. While several companies in my sample perceived
the TURA resources as exerting limited influence on their learning processes, their TURA programs
all reflected a highly uniform approach - the approach promoted by the TURP courses in which all
firm's had participated. This indicates that the TURP classes possibly exerted far more influence on
firm's decision-making process then is attributed by firm managers.
In the cases of Kappa and Beta Company, both firms effectively took tools whose genesis was
rooted in the TURA program and applied them in a process of inquiry and exploration that resulted
in new tools, assumptions, and beliefs for doing pollution prevention activities. They were able to
capitalize on initial TUR investments to build through learning, additional competence in managing
their environmental impacts.
In the cases where firms were able to benefit from double-loop learning, a seemingly essential
component of their success was the systematic character of their new learning products (e.g. the
environmental accounting system and the preventative maintenance program). Both examples
resulted in the creation of embedded systems that allowed for continuous application of the new
knowledge. This is in contrast to the examples of more simplistic learning where the outcome was
more a singular action that did not create a process of continual learning. It is questionable whether
the simple forms of learning will offer opportunities for innovation in the future, as their benefits
might not become internalized: an essential criteria for true organizational learning.
B. HOW POLICY CONTRIBUTES TO DIFFERENT STEPS OF ORGANIZATIONAL
LEARNING
Schon and Argyris's model of organizational learning recognize that learning can be influenced by
external factors, which if they promote learning, are considered to be "enablers" of learning. They
theorize that a firm's ability to learn can be influenced by altering the structures and behavior that
guide a firm's process of inquiry. TURA acted as an enabler of organizational learning in the firms I
investigated by influencing their fundamental processes of inquiry.
The planning and chemical use reporting requirements of the TURA program acted to orient and
focus attention on a specific issue deemed by the State Legislature to be a public social concern. By
doing this, the Act directed the regulated community to allocate resources and expertise towards a
focused line of inquiry: examining their production systems for opportunities to reduce toxics use
and generation. The planning requirements initiated a specific learning process within which firms
had wide discretion to develop appropriate approaches and foci. TURA provided methods and
strategies to those firms who wanted additional guidance in their inquiry process. In the case of
TURA, the key to promoting learning is that the Act established broad goals, and encouraged firms
to experiment with the strategies to achieve them. Firms could respond to approaches that did not
initially achieve the objective with new and adapted strategies. In the first few years of the TURA
program, the Act served primarily to initiate inquiry processes in firms.
As the program matured, TURA continued to influence later phases of firm's inquiry and learning
processes. By providing on-going technical assistance services, TURP re-certification courses, new
technology demonstration sites, and a constant flow of program literature, the network of TURA
resources served to provide new information and orientation to maturing learning efforts. TURA
continued to influence the learning process after planning was first initiated. As new approaches and
technologies emerged, the TURA network served to diffuse the knowledge and drive additional
changes in firm's pollution prevention programs. Provision of continuous TUR information served
to maintain firm focus on TUR issues. Award and recognition programs for successful firm TUR
implementation also served to maintain pressure and focus on TUR in more advanced stages.
Sustaining on-going stages of learning, TURA created a universal language to discuss and focus
goals: the language of materials and chemicals. Unlike traditional approaches to regulation, TURA
found a common language in chemicals, and helped develop terms and concepts of chemical use
and operational efficiency that appealed to a wide and disparate audience of manufacturers and
regulators. This common language was used to develop widely shared objectives of reduced material
use and increased cost savings. TURA provided a framework that unified environmental goals with
production efficiency goals through finding common ground: toxics use reduction.
It appears that TURA as been most influential in the early stages of a learning process - that is, in
focusing attention, identifying goals and approaches, and orienting initial inquiry. This was true in
the two profiled cases of double-loop learning. Since the TUR approach was new to most firms, the
opportunity for influencing the structures of inquiry was greatest. However, most firms indicated
that as their TUR programs became established, they looked to TURA networks less often for new
information on TUR, and more towards suppliers and trade associations. As firms' participation in
TURA networks decrease, the ability of TURA to influence and effect practices at the firm-level
diminishes.
C. WAYS TO BETTER INFLUENCE LEARNING SYSTEMS TO AMPLIFY
ORGANIZATIONAL LEARNING
The TURA program gives environmental policy-makers a classroom to observe an alternative
approach to regulation and its effect on organizational learning. From this on-going experiment in
toxics use reduction, several issues arise that may help to improve the existing TURA program or
inform other emerging programs that seek to incorporate structures to promote organizational
development.
1. A significant obstacle to long-term organizational learning is the inability of a firm to embed
what they have leamed into a system that ensures on-going improvement. TURA should focus
on promoting not only one-time, eco-efficient production changes, but also emphasize the
development of systems and processes that become internalized in firm's standard operating
procedures. Policy programs should encourage the adoption of firm-wide environmental
management systems that can provide a framework to capture TUR planning and
implementation efforts to expand learning opportunities.
2. On-going systems for assisting in environmental management would also facilitate extending
TURA's planning focus from short-term to long-term. In addition to the essential short-term
planning requirements, TURA should help facilitate advanced learning and innovation through
encouraging long-term planning exercises that encourage visioning and goal setting for more
comprehensive environmental objectives.
3. As firm's strategies and approaches mature, adapt, and innovate to carryout pollution
prevention, so must the TURA program innovate, or risk becoming obsolete and a regulatory
burden to firms. TURA has served most significantly as a catalyst for initiating processes of
inquiry. However, after firms have picked the "low hanging fruit" and TUR opportunities
become more scarce, TURA must reinvigorate firm's efforts by offering them new approaches,
goals, and metrics. As learning is based on continuous adaptation to changing circumstances,
policy will also have to continuously reinvent itself and find new approaches to maintain firm
focus on the issue. While regulatory programs can become entrenched and resistant to change,
particularly when revenue generation is involved, policy-makers must consider changing
missions and goals when appropriate, including scaling program resources down or up as
needed.
4. More specifically, as firms begin to realize diminishing returns on their TUR investments, firms
are beginning to resent the extensive reporting requirements of TURA. The program should
periodically evaluate the efficacy of the reporting requirements and seek to reduce the reporting
burden on the regulated community so as not to risk program alienation.
5. Most firms reported having only one employee participate actively in external TURA program
resources. This limited exposure may inhibit the effectiveness of TURA to influence firm
practice. The extent and quality of TURA information dissemination within a firm is highly
dependent on the willingness and ability of a single person to share information with the rest of
the organization. In addition, for firms that had a manager closely associated with TURA
activities outside of the firm, the level of TUR activity appeared higher in the small number of
firms I investigated. The presence of a strong "TUR champion" within a firm can serve as a
strong catalyst for change. TURA should seek to expand the depth of participation in the
program and try to leverage others to become "TUR champions" to advance program goals and
strategies.
6. Trade associations and vendors play a very important role in providing information to
environmental managers, particularly in the implementation phase of TUR planning. In addition,
many environmental managers indicated that trade organizations and vendors are more likely to
be trusted and utilized sources of information over government sources. Because of this, policy-
makers should recognize the influence exerted by these players and work to partner with them
to find ways to provide policy and planning-relevant material beyond equipment specifications.
By partnering with these groups, policy-makers may be able to develop better methods, metrics,
and approaches that reflect the state-of-the-art for industrial practices. Provision of better tools
can provide an expanded foundation on which to build better learning systems.
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APPENDICES
APPENDIX 1. LIST OF TURA-SPONSORED RESOURCES
1. Toxics Use Reduction Institute (TURI) activities:
e Industry Sector Focus Groups
e TUR Planners Workshops
* Environmental Leaders Conference
* Industry Matching Grants Program
* Firm Intern Program
STLJRP Training Program
* TURA Program Technical Conferences
* Website and Research Facility
* Toxics Use Reduction Library and Technology Transfer Center
* Surface cleaning lab
C Gleaner Technology Demonstration Sites Program
* TUR University Curriculum
e Cleaning Alternatives Project
* Community Networking Program and Grants
* TURP Newsletters
e TURA Newsletters
e Research Fellowships
2. Office of Technical Assistance:
" TUR onsite technical assistance
" TUR case study publications
" TUR workshops and forums
3. Department of Environmental Protection
" TURA Toxics Use Reporting Program
" Enforcement and Compliance Services and Workshops
" TURP Licensing
4. TURP Association (this is not established under the TURA legislation, but is a private trade
association)
o Toxics Use Reduction Planner Conferences
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APPENDIX 2. INTERVIEW PROTOCOL
Personal Background
1. Person's Name
2. Position Title
3. Number of years with the firm
4. Have you worked in other capacities in the firm?
Firm Background
1. What does this facility do? What processes?
2. Approximate number of employees?
3. How many years has this facility been operating?
4. What environmental regulations are you subject to?
5. Currently reporting under TURA? How many years?
General Environmental Management
1. Organizationally, how does the firm handle environmental issues?
" What structures, personnel, and processes?
e Do you have an organizational chart you can show me?
2. Has this structure evolved over the last, say 5-10 years? How? Why?
3. What were the major forces influencing changes in environmental management?
Specific TUR Events
1. For discussion, can we talk about any recent changes in your product design or
production system that changed the mix or quantity of TUR chemicals?
2. Were did the idea come from?
3. Whose idea was it?
4. What was the production change?
5. How did it affect your waste stream?
6. What was the environmental improvement?
7. Why did you choose to undertake this production change?
8. How did you decide to make this change?
9. Who participated? And what were their primary concerns?
10. Who made the proposal and how was it evaluated?
11. How were environmental concerns introduced? How were they received?
12. Was there any environmental criteria applied?
13. What was the most important criteria to satisfy?
14. Was this process any different 5-10 years ago?
TURA Networks and Planning
1. Has your firm been involved much with the TURA Program?
2. Who participates in TURA activities? (Including planning) Internally? Externally?
3. Has your TUR plan evolved, or changed significantly in scope, management policy, TUR
options, or material accounting etc.? Why?
4. What events have you (or the firm participated)? [Show diagram of TURA Resources]
5. In general, where do you get your information about products, adjustments, or
substitutes that would affect your use of chemicals in production?
" How is it used and disseminated?
" Has this changed over the years? Why?
6. Are vendors a significant source of information?
7. What types of things have been useful about TURA resources?
8. Are there any changes in the way your firm handles environmental concerns that have
come since you began doing TURA reporting?
9. Do you think TURA has contributed to a better understanding of the environmental
implications of production decisions? Broader concern for reducing chemical use?
Practical steps?
TURP
1. Who does your TUR Planning?
2. Why did you decide to a) do it in house? b) outsource it?
3. What role does the TURP play?
4. How/when/where does the TURP interact with other people in the firm?
5. Do you (or others) discuss matters besides TUR with them?
6. Do you discuss TUR with other people? Vendors? Line workers? Management staff?
Firm Demographics
1. Number of employees
2. Annual sales (division, corporate)
3. Markets
4. Do they employ a certified TURP? Why
5. What products
6. How does the firm compete (price, quality, niche)
7. Annual waste disposal volume and costs
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